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Abstract. All known gnathal elements of the durophagous aithrodire

Mylostoma from the Late Devonian (Famennian) Cleveland Shale of Ohio
show that the inferognathal and posterior palatopterygoid elements increase

in size and maintain a constant shape during growth, Avhile the anterior

palatopterygoids are paired elements in the juvenile condition which fuse

into a single median gnathal in the adult. Dinognatlius is a synonym of

Mylostoma. Mylosioma variahile, Mylostoma eurhinus, and Mylostoma new-

berryi are here considered the only valid taxa. Mylostoma eastmani from

the Grassy Creek Shale of Missouri (Famennian) is now considered a syno-

nym of M. variahile; it was based on undiagnostic gnathal characters. The
fusion of anterior gnathal elements is suggested as a possible origin of the

median gnathal in the enigmatic arthrodire Biingartius and possibly also

in the selenosteid Paramylostoma.

Introduction

, Newberry (1883: 146) described a left inferognathal from

the Cleveland Shale member of the Ohio Shale Formation ( Late

Devonian, Famennian) as Mylostoma variahile, referring to it as

a "dipterine ganoid" on the basis of the similarity of its gnathal

element to those of Dipterus and Ceratodus. In 1893, a concre-

tion containing the virtually complete cranial, thoracic, and
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ventral shield of a single indi\'idual ^vas collected from the Cleve-

land Shale exposures at Brooklyn, Ohio, and was obtained by
the American Museum of Natural History, with the counterpart

being acquired by the Museum of Comparati\'e Zoology. Dean
( 1901 ) described both specimens as Mylostoma variabile, placing

the taxon within the Arthrodira. Eastman (1906) reviewed the

jaw mechanics of Mylostoma as well as the morphology of its

gnathal elements and concluded that Mylostoma was an arthro-

dire with a gnathal apparatus specialized for crushing.

Hussakof (1909: 268) described Dinognathus ferox as "an
imperfectly definable genus and species of arthrodire" on the

basis of an isolated median gnathal. Eastman (1909) made a

hypothetical reconstruction by placing the Dinognathus ferox

t\pe of dentition over the inferognathals of Mylostoma terrelli

and placing the posterior palatopter)'goids of M. terrelli on the

labial side of the Dinognathus ferox median gnathal. Dunkle

and Bungart (1945) described Dinognathus eurhinus, a second

species of Dinognathus, on the basis of a median gnathal with

general morphology differing from that of D. ferox, but with

features giving evidence for a similar function.

A recently discovered specimen (CMNH8120) represents a

complete set of jaw elements of an adult Mylostoma variabile.

This specimen, along with other specimens in the Museum of

Comparative Zoologv (MCZ), American Museum of Natural

History ( AMNH),'bberlin College (OC), and the Cleveland

Museum of Natural History (CMNH) has enabled this study

of the morphology of the functional region of the inferognathals

and palatopterygoids through various size-growth stages. Evi-

dence of the fusion of the anterior palatopterygoids has been

observed in the adult, aiding in the synonymy of mylostomatid

taxa that were based oh undiagnostic character-states of the

anterior palatopterygoids.

Order Arthrodira

Family Mylostomatidae
Mylostoma variabile Newberry, 1883

Mylostoma variabile Newberry, 1883: 146

Mylostoma terrelli Newberry, 1883: 147

Dinognathus ferox Hussakof, 1909: 268

Mylostoma eastmani Branson, 1914: 62

Holotype. OC 1 300, left inferognathal.

Paratypes. MCZ 1435, left anterior palatopterygoid ; MCZ
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1436, right posterior palatoptcrygoid ; AMNH42G, left anterior

paIatopter)goid ; and AMNH43G, right anterior palatopter)'-

goid.

Type locality and horizon. Sheffield Lake, Ohio. South Shore

of Lake Erie, T 7 N, R 17 W, Lorain County, Ohio; Cleveland

Shale member of the Ohio Shale Formation.

Age. Famennian ( Late Devonian )

.

Hypodigm. Cleveland Shale member of the Ohio Shale For-

mation, Ohio: AMNH7526, nearly complete disarticulated cra-

nial and thoracic shields (counterpart = MCZ1490) ; CMNH
8129, left and right inferognathals, left and right posterior pala-

topterygoids, median gnathal; AMNH7915, 10701, CMNH
6094, median gnathals; MCZ1429-1431, CMNH5080, 5150,

5177, 6095, 6224, 7256, 7643, 7705, OC 1483, inferognathals;

AMNH44G, 3290, 3588, 3591, MCZ 1437-1438, 13271-

13274, OC 1301, 1429, CMNH5022, 5795, 7694, palatoptery-

goids. Huron Shale member of the Ohio Shale Formation,

Ohio: MCZ 13275, right inferognathal. Grassy Creek Shale

Formation, Missouri: University of Missouri collections, median

gnathal, posterior palatoptcrygoid.

Revised diagnosis. Cranial shield having a wide lateral width

and short anteroposterior length similar to that of the titanich-

thyids. Postorbital element bordered posteriorly by paranuchal;

centrals not in contact with marginals and are anteriorly sep-

arated by pineal. Anterior palatopterygoids of juvenile fuse to

form median gnathal in adult. Suborbitals narrow and long,

orbits large. Median dorsal short without well-developed keel.

Median gnathal of Mylostoma variabile possessing a greater

width than length and less deeply excavated on either side of

the longitudinal ridge than that of Mylostoma eurhinus.

Systematic Discussion

The holotype of Mylostoma variabile Newberry (1883: 146)

is a left inferognathal, the size of which indicates that it belongs

to a young adult of the species. The paratypes, comprising the

anterior and posterior palatopterygoids, are characteristic of the

known palatopterygoids of Mylosto?na. Dean (1901) described

the most completely known specimen of M. variabile (MCZ
1490, AMNH7526). This specimen represents a young in-

dividual of the species ( Plate 1 ) . All of the elements comprising

the upper and lower jaw apparatus are well preserved and are
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the basis for Eastman's (1907) reconstruction of the mylosto-

matid dentition.

A second species, M. terrelli Newberry (1883: 147), repre-

sents the left inferognathal (MCZ 1430) of an individual larger

than the holotype of M. variabile. Hussakof (1909: 268) be-

lieved the specific variations in this specimen could be attributed

only to an age difference in M. variabile, and recommended that

M. terrelli become a synonym of M. variabile.

A third species of Mylostoma, M. newberryi Eastman (1907:
224) is based on a pair of dental elements identified as the

anterior portions of left and right inferognathals (OC 1302) and
the posterior portion of a smaller left inferognathal (MCZ 1439)

.

These dental elements were originally described by Newberry
(1889: 165) as belonging to M. variabile because of their dis-

tinctive narrowness and triangularity, which he believed demon-
strated diversity in the species. Earlier, Eastman (1906: 22;
fig. E) figured these plates as pre-anterior palatopterygoids as

part of his reconstruction of the upper dentition of M. variabile.

This reconstruction is misleading since these pre-anterior pala-

topterygoids are not present in the MCZ1490 and AMNH7526
specimens. We believe that Eastman realized this a year later

and established M. newberryi to include these "extra" plates.

Morphologically, the dental plates represent the functional region

of the inferognathal in a juvenile mylostomatid, having a very

thin and narrow attachment with the blade of the inferognathal.

This functionally weak attachment between the two areas in this

bone may be a result of either an extremely early growth stage

or a pathologic condition, the latter being here suggested as an

explanation for the abnormal osteological conditions in the jaw
elements of the dinichthyid Hussakofia ( Cossmann )

.

Branson (1914) described Mylostoma eastmani on the basis of

an isolated posterior palatopterygoid from the Famennian Grassy

Creek Shale of Louisiana, Missouri. This specimen, along with

an element referred to by him as an "occipital" (= nuchal) of

Dinichthys rowleyi (correctly identified as a Dinognathus-\ike

median gnathal by Dunkle and Bungart, 1945), comprises the

only known occurrence of Mylostoma outside the Ohio Shale

Formation. The character-states established by Branson (1914)
for Mylostoma eastmani are undiagnostic since they do not differ

from those of M. variabile, and we therefore include Mylostoma
eastmani as a synonym of Mylostoma variabile. This occurrence,

however, extends the distribution of this genus outside of the

Appalachian Basin onto the mid-continent.
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Figure 1. Median gnathal elements (after Dunkle and Bungart, 1945) :

A, Mylostoma (= Dinognathus) eurhinus CMNH5063; B, Mylostoma varia-

bile {= Dinognathus ferox) CMNH6094; d = dorsal, v = ventral.
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Hussakof (1909: 268) described Dinognathus ferox (Fig. IB)
from a single median gnathal (AMNH 7915) resembling the

mvlostomatid dentition but ha\ins: uncertain affinities. Eastman
(1909) felt that D. ferox represented the fused part of the an-

terior palatopterygoids of an adult Mylostoma, but he lacked the

appropriate specimens needed to prove this hypothesis. Dunkle
and Bungart (1945), in describing Dinognathus eurhinus from
a median gnathal (CMNH5063; Fig. lA), did not advocate

Eastman's ideas on fusion of the anterior palatopterygoids and
opposed his hypothesis on anatomical grounds, which they felt

were contradictory to the generalized pattern of jaw elements in

all arthrodiran fish. They considered his reconstruction of the

Dinognathus median gnathal as a dorsal gnathal element of

Mylostoma to be invalid, arguing that the median gnathal could

not have been derived from the fusion of the anterior pair of

mylostomatid palatopterygoid elements.

A recently discovered specimen (CMNH8129; Plate 2) rep-

resents a complete set of gnathal elements belonging to an adult

M. variabile. This specimen consists of typical right and left

inferognathals, right and left posterior palatopterygoids, and a

Dinognathus ferox median gnathal. The discoxery of this speci-

men, which lacks the anterior palatopterygoids but has posterior

palatopterygoids and inferognathals associated with the D. ferox

median gnathal element, confirms Eastman's hypothesis that the

median gnathal of D. ferox represents the fusion of the anterior

palatopterygoids in the adult mylostomatid (Fig. 2). A survey

of all known existing mylostomatid palatal dental plates shows
them to fall into three size categories : ( 1

) the posterior pala-

topterygoids, having a size-growth range from ju\^enile to adult,

(2) the anterior palatopterygoids, all representing juvenile speci-

mens of varying degrees but none approaching the adult size of

their corresponding posterior palatopterygoids, and ( 3 ) the me-
dian gnathals or fused anterior palatopterygoids, which all cor-

respond to the adult size of the inferognathals and posterior pab.-

topterygoids of the genus Mylostoma.
In \iew of this evidence, it is su2:s:ested here that the taxonomv

of the Mvlostomatidae ma\ be revised as follows: the 2:enus

Dinognathus becomes a synonym of Mylostoina; Mylostoma
variabile, the type species, includes also Dinognathus ferox,

Mylostoma terrelli, and Mylostoma eastmani as synonyms;

"Dinognathus'' eurhinus becomes a valid species of Mylostoma;
Mylostoma newberryi, a species known only from the anterior

portions of its inferognathals, is included within the M}losto-
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A

B
Figure 2. A, Eastman's (1907) reconstruction of the upper jaw apparatus

of Mylostoma variabUe, displaying the paired anterior palatopterygoids (AP)

of the juvenile condition (reconstruction based on AMNH42G-43G, 3591,

and MCZ 1437) ; B, Reconstruction of the tipper jaw apparatus of Mylo-

stoma variabile, displaying the median gnathal (MG) of the adult condition

(fused anterior palatopterygoids; reconstruction based on CMNH8129) ;

PP = posterior palatopterygoids.
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matidae but its affinities with the other species of Alylostorna

cannot be determined until additional material becomes avail--

able.

Comparison With Other Arthrodires Having A
Similar Jaw Apparatus

As presently constituted, the family Mylostomatidae embraces
the following genera: Mylostoma (= Dinognathus), Dinomylos-
toma, and possibly Tafilalichthys. Eastman (1906) described

Dinomylostoma, which is restricted to the medial Frasnian Shales

of New York and Kentucky, as being phylogenetically the most
primitive of the mylostomatids. Although incompletely known,
it is morphologically and chronologically transitional between
Dinichthys and Alylostoma. The inferognathal elements possess

a flat, narrow oral surface, not yet expanded as in Mylostoma.
The blade-length comprises approximately 45 percent of the

inferognathal, displaying the generalized condition of the ad-

ductor mandibulae muscles in the Frasnian mylostomatids, as

compared to the 60 percent blade-length attained by the arched

forward inferognathal elements of the Famennian Mylostoma.
According to Dunkle and Bungart ( 1 943 ) , this specialized con-

dition increases the length of the adductor mandibulae muscles

to produce a more powerful bite. The anterior dorsal gnathal

elements of Dinomylostoma display features transitional between
the dinichthyid anterior supragnathals and the mylostomatid

anterior palatopterygoids. The posterior gnathal elements, how-
ever, have become completely specialized into well-defined my-
lostomatid posterior palatopterygoids. This gnathal condition is

paralleled to a less specialized degree by the Frasnian pholidosteid

Malerosteus, described by Kulczycki (1957) from the Holy
Cross Mountains of Poland.

It is interesting to note that the enigmatic arthrodire Bungar-

tius perissus Dunkle, which is known from a single complete

adult specimen, lacks the anterior supragnathal element. The
jaw elements preserved represent the corresponding right and

left inferognathals, the posterior supragnathals, and a wtII-

developed median gnathal. In this case, Dunkle (1947: 104)

considered the "anterior supragnathal element either \estigial or

completely absent." The absence of the anterior supragnathal

elements in the adult Bungartius parallels the absence of these

elements in the adult Mylostoma. The median gnathal is uniquely

restricted to these two genera and we believe it has developed
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through the fusion of the anterior supragnathal elements during

srrowth. This condition mav occur also in the selenosteid Para-

mylostoma Dunkle and Bungart, in which the jaw mechanism is

represented by an inferognathal specialized for crushing, and an

associated posterior supragnathal. The anterior supragnathal

and/or median gnathal is unknown in this genus.

The gnathal condition, suggesting a durophagous habit, while

not exclusively restricted to the Mylostomatidae as demonstrated

by Bungartius, Paraniylostoma, and Malerosteus, has achieved

its highest degree of specialization in the genus Mylostoma. This

gnathal condition as manifested within other families of arthro-

dires is believed to represent diverse attempts of broader adapta-

tion and efficiency of the feeding mechanisms at the pachyosteo-

morph le\el of organization as suggested by Miles (1969).

On the basis of an isolated cranium, Lehman (1956) de-

scribed Tafilalichthys lavocati as a new brachythoracid arthro-

dire from the Famennian of Southern Morocco. Obruchev

(1964), in his review of this genus, suggested that Tafilalichthys

lavocati might be a mylostomatid, since the cranium is morpho-
logically similar to that of Mylostoma as described by Dean
(1901). No gnathal elements are yet known from T. lavocati,

and therefore no positive assignment to the Mylostomatidae can

be made at this time. However, the close relationship of the

North American Famennian arthrodiran taxa to the Moroccan
arthrodiran remains, as well as a review of the Cleveland Shale

Arthrodira, will be of considerable interest in documenting the

phylogenetic and paleozoogeographic relationships within the

Mylostomatidae.

The stratigraphic range of Mylostoma is relatively short, re-

stricted to the Famennian (Late Devonian) time in North

America. At this time the brachythoracid arthrodires achieved

their highest level of adaptive radiation before extinction.
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Plate 1. Mylostoma variabile (displaying cranial, thoracic, and ventral

shields)
, juvenile: A, MCZ 1490; B, counterpart AMNH7526; SO = sub-

orbital.
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Plate 2. Mylostoma variabile CMNH8129; jaw elements of an adult

showing left and right infeiognathals (IG) , left and right posterior pala-

topterygoids (PP) , and a median gnathal = fused anterior palatopterygoids

(MG) .
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XX. SUMMARY
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Abstract. A brief account is given of the geologic setting of the Tiiassic

tetrapod faunas found in South America; the nature of the Chanares reptile

fauna is summarized, and this fauna is compared with other Triassic as-

semblages in South America and other continents.

In nineteen pre\'ious papers in the Museum of Comparative

Zoology Breviora^; an account has been published of the reptile

fauna ifrom the Triassic Chafiares Formation of Argentina col-

lected by the La Plata-Harvard expedition of 1964-65; this

series includes, in addition to papers written by myself, contribu-

tions by C. Barry Cox, Parish A. Jenkins, Jr., James A. Jensen,

and Arnold D. Lewis. Except for a future detailed study of the

skull of the cynodont Pro baino gnat hus by Edgar F. Allin and

myself I have no further plans for publication on the Chafiares

fauna. The present paper is intended to furnish a short summary
of the results of the 1964-65 expedition. Except for a few forms

recently described from the Chanares Formation, a recent paper

by Bonaparte (1972) gives a succinct summary of all known
reptiles from the South American Triassic, so that detailed ref-

erences are unnecessary below.

As noted in previous papers in this series, I am deeply in-

debted to the National Science Foundation for grants for collec-

tion, preparation, and publication of the Chanares fauna.

Geologic Setting

Until the last few decades, almost nothing was known of the

^Breviora Nos. 247, 252, 264, 295, 333, 344, 352, 373, 377, 378, 379, 385, 389,

390, 394, 395, 396, 401, and 407.
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Triassic tetrapod faunas of South America. Now, however, tetra-

pods are known from fi\e discrete areas of Argentina and south-

ern Brazil:

( 1
) The El Tranquilo Formation of Santa Cruz Province of

Patagonia. From the upper part of this formation, ob\'iously of

Late Triassic age, have been collected prosauropod dinosaur

remains. These ha\'e been studied by Casamiquela, but the

results have not been published; they appear to pertain to the

European genus Plateosaiirus.

(2) The Puesto Viejo Formation, in southern Mendoza Prov-

ince. Undescribed fragmentary remains are present in the lower

part of the formation; from the upper part, Bonaparte has

described a primitive but somewhat specialized traversodontid

gomphodont Pascualgnathus and, most interestingly, forms in-

distinguishable from Cynognathiis and Kannemeyeria, the most

characteristic genera of the Cynognathus zone of the Upper
Beaufort beds of South Africa. The Scythian age of this forma-

tion is obvious.

(3) The Cacheuta Basin. In the precordillera west of Men-
doza is a series of beds of Triassic age, the Cacheuta Series. I

have elsewhere (Romer, 1960) given a brief resume of the

geology. Four formations have long been recognized; in ascend-

ing order they are the Las Cabras, Potrerillos, Cacheuta and Rio
Blanco; recently a basal Rio Mendoza Formation has been dis-

tinguished. Rusconi, in various publications (as Rusconi, 1951)
has described \'ertebrates from these beds, including various

fishes, many of uncertain systematic position, and from the

Cacheuta Formation, flat-skulled amphibians of the genus Pel-

orocephalus [Chigutisauriis], which, although comparable in

many regards to the brachyopids of other Gondwana continents,

appears not to pertain to that group. Reptilian remains are rare;

in the older collections there was, apart from a few scraps, only

the postcranial skeleton of a primiti\c thecodont, Cuyosuchus.

More recently an indeterminate jaw from the Potrerillos Forma-
tion has been described as Colbertosaurus, and Bonaparte has

described the gomphodonts Andescynodon and Rusconiodon and
a kannemeyeriid dicynodont, Vinceria from the Rio Mendoza
Formation. Because the flora of the Cacheuta Series is of the

Dicroidium type present in the Late Triassic, Stipanicic (1969)
believes the Cacheuta beds to be relati\elv Late Triassic in as^e.

Howe\er since the Dicroidhim flora extends well down toward

the level of the Upper Beaufort beds of South Africa, Bona-

parte's belief (1966, etc.) that part of the Cacheuta Series is
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relatively Early Triassic in age is reasonable. Unfortunately the

reptile fauna is as yet too fragmentary in nature for adequate

comparisons to be made.

(4) Santa Maria Formation. From this Triassic formation in

southern Brazil a few bones were early sent to the British Mu-
seum; major collections were later made by and for Huene,
whose full results were published in 1944; further collections

have been made by Price and White for Harvard University, by

Colbert for the American Museum, and by Price for the Bra-

zilian Geological Survey. The Santa Maria Formation has been

described by Beltrao ( 1 965 ) and by Bortoluzzi and Barbarena

(1967). The vertebrate remains are confined to the upper part

of the formation, and there is no known difference in the age

of the beds between the three major collecting areas —near the

city of Santa Maria, in the region of Chiniqua, west of that city,

and in the Candelaria region, well to the east.

The fauna is varied, but the nature of preservation is such that

structural details are frequently obscure and many forms are

imperfectly known. Included are the procolophonid cotylosaur

Candelaria; the rhynchosaur Scaphonyx [Cephalonia] ; a number
of thecodonts including Cerritosaurus, Rauisuchus, Prestosuchus,

Hoplitosuchus, Procerosuchus; a fragmentary postcranial skeleton

that appears to be a primitive saurischian, Staurikosaurus and a

questionable second dinosaur, represented by a few vertebrae

and limb bones; two carnivorous cynodonts, Chiniquodon and

Belesodon; the gomphodont cynodonts Traversodon and Gom-
phodontosuchus; the dicynodonts Barysoma, Dinodontosaurus

and Stahleckeria.

As discussed later, the Santa Maria Formation seems surely to

be equivalent to the Los Rastros Formation of the Talampaya
basin.

(5) The Talampaya basin or Villa Union-Ischigiialasto

cuenca. This is the largest and most richly fossiliferous of the

bope-bearing South American Triassic areas. It lies on the

boundary between La Rioja and San Juan provinces, between

the Sierra de Safiogasta on the east and the Rios Bermejo and

Guandacol on the west, and extends from the region of Villa

Union on the north to the Sierra de Valle Fertil on the south.

Faults are numerous, but in general the Triassic beds can be

grouped in two areas, east and west of the flat alluvium-covered

Talampaya plain, the two areas being essentially the two limbs

of a major syncline, with various formations present in reverse

order on the two sides of the plain. The area to the west of the
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plain is the better known and here the formations identified are

much thicker than on the east. This region was explored by
earlier geologists, but first adequately studied by Frenguelli

( 1 946 ) ; his account has been modified and corrected by later

workers, such as Groeber and Stipanicic (1953) and Ortiz

(1968). To the northwest, in the region of Cerro Bolo there is

an exceedingly thick series of beds that appear to extend con-

tinuously upward from the Carboniferous "Paganzo I" to the

Late Triassic; this region was studied by de la Mota, whose
work, unfortunately, remains unpublished. To the southwest the

series, as far as published results are concerned, terminates below
in the presumed Triassic "Paganzo III." For much of the west-

ern border this last is absent; if included, the major formations,

in descending order, are

:

Los Colorados Formation,

Lschigualasto Formation,

Los Rastros Formation,

Tarjados Formation (= Paganzo III).

As described by Frenguelli, the Los Colorados beds were
termed the Gualo Formation, a mistake corrected bv Groeber
and Stipanicic. The lower part of the Los Rastros Formation
was synonymized by Frenguelli with the Ischichuca Formation;
as pointed out by Ortiz this is incorrect, for the type Ischichuca,

in the Cerro Bolo region, is synonymous with the main carbon-

bearing beds of the Los Rastros. The lowest redbeds were
thought by Frenguelli to represent the Permian "Paganzo II,''

whereas, as Ortiz states, they are the redbeds of "Paganzo III,"

or Tarjados.

Fragments of vertebrate skulls were reco\'ered by Frenguelli

from the Ischisfualasto Formation and described bv Cabrera in

1943. The richness of fossils in this formation was disclosed by
the Har\'ard-Buenos Aires Museum expedition of 1958 (Romer,
1966). For many years, from 1958 on, the lschigualasto beds

were worked by expeditions from the Instituto Lillos of Tucu-
man, at first under O. A. Reig, later with great success by J. F.

Bonaparte. The rich reptile fauna includes the rhynchosaur

Sca phony x: the thecodonts Proterochampsa, Saurosuchus, Ven-
aticosuchus, Triassolestes, Aetosauroides and Argentinosuchus

;

the rare saurischian dinosaurs Herrerasaurus and {?)Ischisaurus;

the ornithischian Pisanosaurus ; fragmentan- remains perhaps

representing the carnivorous cynodont Chiniquodon; the gom-
phodonts Exaeretodon, Proexaeretodon and Ischignathus; the
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dicynodont Ischigualastia. Except for representatives of Ischi-

gualasto forms in transitional beds, no reptiles are known from
the Los Rastros beds or the underlying Tarjados Formation.

Abo\e the Ischigualasto Valley rise the high clifTs of the Los
Colorados. Except for a single dicynodont, Jachaleria, the faunal

content of most of the thick series of Los Colorados redbeds is

unknown; from the few meters available at the summit of the

cliffs Bonaparte has described (1972b) a fauna of very late

Triassic age, including the thecodonts Riojasuchus, Pseudhes-

perosuchus and Neoaetosauroides ; the primitive crocodilian

Hemiprotosuchus ; the prosauropod Riojasaurus; and fragmen-

tary materials comparable to Tritylodon.

We are here concerned mainly with beds lying to the eastern

side of the basin, which was little studied by earlier workers;

Jensen and I (1966) have discussed the geology here. Most of

the formations present can be matched with those on the west

side of the \alley, although they appear to be much thinner here.

The formations present (all adequately represented along the

course of the Arroyo de Agua Escondida) are, in descending

crder

:

-Los Colorados Formation,

Ischigualasto Formation,

Los Rastros Formation,

Chafiares Formation,

Tarjados Formation,

Talampaya Formation.

These formations are presumably underlain by the Carboni-

ferous and Permian beds of "Paganzo F' and "Paganzo II,"

which are exposed on the slopes of the Safiogasta Range, east of

a major north-south fault at the western margin of the moun-
tains; in the area studied, however, we have not seen a contact

between "Panganzo II" and the base of the Talampaya beds.

The latter formation is best exposed in the clifTs forming the

walls of the "Puerta de Talampaya," where 180-200 meters of

these beds are present. They mainly consist of soft sandstones,

but with occasional "cobbles." No fossils of anv sort have been

found. They appear to be purely continental in nature and are

not improbably Early Triassic in age, or possibly Late Permian.

Unconformably above the Talampaya beds are the hard sand-

stones of the Tarjados Formation, some 385 meters in thickness

at the i\rroyo de Agua Escondida. These beds correspond, ap-

parently, to part or all of the sandstones elsewhere termed
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"Panganzo III." For the most part they are red, but in the

southern part of the area studied the upper beds are white in

color. Fossils are rare, but a few fragmentary dicynodont re-

mains have been found in the upper layers. They are presumably
Early Triassic in age.

On the irregular upper surface of the Tar j ados sandstones

lie unconformably the 75 meters of the volcanic ash deposits

constituting the Chaiiares Formation. The uppermost layer of

the Tar j ados, about half a meter thick, forms an uneven, undu-
lating surface of hard resistant materials suggesting hydrothermal
action. Obviously there was major volcanic activity in the region

at that time. The Chaiiares sediments show none of the laver-

ing that would be expected if the ash had been laid down in

water; presumably there was merely a covering of the then

existing surface with tremendous quantities of volcanic ash in

Pompeii-like fashion. Bearing out such a conclusion is the fact

that no trace of water-dwelling amphibians or fishes have been
discovered in the Chaiiares and —more significant —almost

all the numerous reptile remains found are in the lowest few
meters of the ash deposits. Apparently the ash falls resulted in

the local extermination of the vertebrate fauna.

As Jensen and I noted in 1966, it is not customary' in Argen-
tina to give a formation name to a set of beds of such limited

thickness. I believe, however, that it is warranted in this case

because of the distinctive nature of the sediments, and most
especially, because of the vertebrate fauna contained in them.

Bonaparte (1967) suggested that the Chaiiares beds are

equivalent to those of the Ischichuca Formation, the type section

of which lies in the Cerro Bola region. However, both Ortiz

(1968) and I (1971) have shown that this is incorrect. Bona-

parte informs me that light-colored beds, which may be compa-
rable to those of the Chaiiares, are present below the typical Los

Rastros in the southwestern part of the basin, and that he has

collected reptiles of Chafiares type there. I have not \'isited this

area. Ortiz includes these beds in the Los Rastros Formation,

and if one does not wish to distinguish a separate Chafiares

Formation, one might include it in the Los Rastros —despite

the marked contrast in the nature of the sediments —but could

not, of course, consider these beds as part of the so-called

"Ischichuca."

Conformably above the Chafiares ash beds are the Los Rastros

sediments of shales, clays, and sandstones, with intercalated

carbonaceous layers, similar in nature to the beds of this forma-
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tion in the western part of the basin. Because of numerous
faults it is impossible to determine the thickness of the Los
Rastros in this region, but it is obviously much less than the

estimated 600 meters found west of the Ischigualasto Valley.

Only a limited exposure of Ischigualasto Formation sediments

is present in this region; the thickness observed is but 175

meters, as compared with 400-500 meters in the type area.

Abo\'e the Ischigualasto Formation are present Los Colorados

beds, only 95 meters thick; whether this is the total amount
originally deposited or whether they were originally thicker and
later reduced by erosion before deposition of overlying Tertiary

sediments is uncertain.

The Chanares Fauna

Below are listed the reptiles discovered in the 1964-65 expedi-

tion and described in earlier papers in this series. A few forms

are represented by fairly complete specimens; others are known
only from fragmentary materials. Much further collecting is

possible; one may hope that if and when such collecting can be

done, much better material of many of the forms already de-

scribed may be obtained and additions be made to the faunal

list:

Dicynodonts

:

Chanaria platyceps

Dinodontosaurus brevirostris

Dinodontosaurus platygnathus

Kannemeyeriid indet.

Gomphodont cynodonts:

Massetognathus pascuali

Massetognathus teruggii

Alassetognathus major
Megagomphodon oligodens

, Carnivorous cvnodonts:

Probelesodon lervisi

Probelesodon minor
Probainognathus jenseni

Thecodonts

:

Luperosuchus fractus

Lagerpeton chanarensis

Lagosuchus talampayensis

Lagosuchus lilloensis

Chanaresuchus bonapartei
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Gualosuchus reioi

Gracilisuchus siipanicicorum

Lewimchus admixtus

Dicynodonts. In contrast to the wealth of dicynodonts in the

later Permian, the group in the typical Triassic deposits is re-

stricted to a few forms of relatixely large size (their place as

herbivores appears to ha\e been taken oxer mainly by rhyncho-
saurs and gomphodonts). In the Chanares beds such forms are

present, but only in modest numbers, dicynodont specimens

constituting but perhaps 5 percent or so of the total of reptiles

collected. A few postcranial remains suggest the presence of a

kannemeyeriid ; apart from this, three types of dicynodonts are

present, all of which are assigned by Cox to the characteristically

Middle Triassic family Stahleckeriidae —Chanaria platyceps,

Dinodontosaurus platygnathus, and D. brevirostris. Chanaria is

a form not present elsewhere; howe\er, the Dinodontosaurus
species are quite similar to the genotypic form from the Santa

Maria Formation ( presumably of somewhat later age )

.

As also mentioned below, ecologic factors tend to separate

stratigraphically and topographically the three common herbi-

vore groups —dicynodonts, gomphodonts and rh) nchosaurs —
of the South American Middle Triassic fossiliferous areas. In

the Santa Maria beds, dicynodonts and rhynchosaurs are, so to

speak, "allergic" to one another; rhynchosaurs abound in the

deposits near Santa Maria city but are unknown in the two

other major fossil beds in this formation where dicynodonts are

abundant. At Ischigualasto all known dicynodonts ha\e been

found in a stratigraphically narrow band, about half-way up the

formation, and quite distinct from higher levels where gompho-
donts abound, and frotn lower levels where rhynchosaurs are

plentiful. Ill the Chanares beds, as noted abo\e, almost all

fossils are from the lowest part of the formation, but 1 ha\e the

impression that all dicynodonts collected were from the \ery

base, within a meter or two of the unconformity with the

Tarjados sandstones, whereas other types tended to occur up to

a dozen or so meters higher.

Gomphodonts. Gomphodont cynodonts arc the dominant

herbivores in the Chanares beds; more than half of all specimens

collected in the 1964-65 expedition were members of this group.

Nearly all clearly pertain to a single genus, Massetognathus. In

the first box of fossils received in Cambridge, Massachusetts,

there was present a considerable series of specimens that seemed

to sort out clearly into two size groups, and hence I descril^ed
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them as belonging to two species, M. pascuali and M. teruggii.

As I noted later, the full collection, when received, broke down
such a clear distinction. Dr. James Hopson tells me that in

primitive African cynodonts which he has been studying, a very

considerable size range is to be found; this suggests that M.
pascuali and M. teruggii merely represent populations of two
sizes of the same species. However, as my tables show, the size

distribution is heavily weighted above the peak that one may
reasonably believe to represent mature adults, and the presence

of two common species of Massetognathus is still a not unreason-

able assumption. Still further, the size range of specimens that

seem to belong to this genus is such that I find it impossible to

believe that the amount of growth necessary to reach the size of

the largest specimen can have been possible if a single species

(or even two species) had been present, and hence have with

some confidence given the name Massetognathus major to this

relatively enormous skull.

Nearly all the gomphodonts in the collection appear to be

reasonably assignable to a single genus. However, two rather

large individuals are clearly distinctive, and I have given the

name Alegagomphodon oligodens to this rare form.

The Chafiares gomphodonts are clearly members of the family

Traversodontidae, a group to which all known South American

gomphodonts belong ( and also forms present in the Manda beds

of East Africa). In the Santa Maria beds of Brazil gomphodonts

are less common, and are represented mainly by the genus

Traversodon. This genus may well have descended from Mas-
setognathus, but its remains are too poor to allow a detailed com-

parison. The Ischigualasto traversodontids are obviously much
more ad\'anced types.

Rhynchosaurs. Quite as significant as the presence of certain

forms in a given formation is the absence of expected types.

Most Triassic reptile faunas, except those of the very earliest and

very latest parts of the period, are notable for the presence of

rhynchosaurs, often in great abundance. In our Chafiares col-

lections there is not the slightest trace of a rhynchosaur ( despite

the fact that identifiable elements of this type of animal, most

especially upper tooth plates, are readily preserved and readily

recognized )

.

Why are no rhynchosaurs present? It is not because they had

not yet evohed, for although the Chafiares beds date from a

fairly early time in the Triassic, primitive rhynchosaurs were

already present in the Cynognathus Zone, definitely earlier, and
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were abundant in the Manda beds of East Africa, which (as

discussed later) are probably somewhat earlier than the Chaiiares

Formation. Quite certainly rhvnchosaurs had evolved bv the

time of formation of the Chaiiares beds and (although there is

no proof) may have been present in Argentina at that time.

Their absence here is quite surely, as I have suggested else-

where (Romer, 1973), attributable to some ecologic factor.

Rhynchosaurs and gomphodonts, in South American deposits at

least, seem to be basically incompatible.^ In the Ischigualasto

beds, rhvnchosaurs are exceedingly abundant in the lov/er part

of the formation, but in our 1964-65 expedition we found no
specimens in the upper half of the beds. On the other hand, on
our expedition we found gomphodonts to be very rare in the

lower part of the Ischigualasto Formation but very abundant in

the upper half of these deposits. Rather surely the contrast is

related to the type of plants present; the rhynchosaurs fed on
some type of plants having a hard-shelled "seed" for which the

"cracking" dentition of these forms was a necessity; the gompho-
donts, as the grinding character of their teeth and the absence

of a cracking device indicate, fed upon some different types of

plant materials. In the Santa Maria Formation, gomphodonts
are not as conspicuous as in the Ischigualasto and Chanares
beds, but such gomphodonts as are present there are absent in

the beds near Santa Maria city where rhynchosaurs alone are

present. If, as is probable, rhynchosaurs were present in South
AmxCrica in Chanares times, they would presumably have been
of a relatively primitive type, comparable to Stenaulorhynchus of

the Manda beds rather than the more advanced genus present

at Santa Maria and Ischigualasto.

Carnivorous cynodonts. In the Permian and earliest Triassic

the typical carnivores are therapsids; during the Triassic car-

ni\orous therapsids are reduced and disappear, to be replaced by
archosaurs (but giving rise to the earliest mammals before dis-

appearing completely). In the Chaiiares beds, thecodont archo-

saurs were becoming abundant, but carni\orous cynodonts were
still present and modestly abundant. They are interesting in

being more ad\'anced than Thrinaxodon and Galesaurus of the

earliest Triassic and without the somewhat specialized features

seen in Cynognathus, the common form in the Late Beaufort of

South Africa. Probelesodon lewisi is quite clearly ancestral to

'Charig tells mc, however, that there is no evidence for this in the Manda
beds of East Africa.
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Belesodon of the somewhat later Santa Maria beds; apparently

two species are present, P. lewisi, fairly common, and a smaller

form, Probelesodon yninor. More interesting is Probainognathus,
in which a starthng advance is the presence of a socket —a

glenoid cavity -—in the squamosal for attachment of the jaw.

This, however, is only a half-way stage in the development of the

mammalian system of jaw suspension, for this glenoid is for the

reception of an articular body of the lower jaw formed by a

fusion of the posterior elements of the reptilian jaw type; the

dentary bone, which in mammals articulates with the squamosal,

is as yet not quite in touch with the squamosal. The teeth of

Probainognathus are usually worn and show only the main
fore-and-aft row of cusps present in the teeth of primitive mam-
mals and seem to lack the row of basal "cusplets" found in early

mammals. For this reason it was thought for a time that Pro-

bainognathus could not be on the direct line of ascent to mam-
mals. However, Hopson has studied a little-worn dentition in

which these cusps are present and hence it may be reasonably

considered to be a true pre-mammal, or at least very close to the

actual ancestral line.

Thecodonts. Although carnivorous cynodonts still survived,

thecodonts were well on their way toward succeeding them as

dominant carnivores. In earlier years we knew little of this group

except for a few primitive forms in the Early Triassic and ( apart

from the specialized phytosaurs) only a few survivors in the

Late Triassic, where the thecodonts were already being succeeded

by the dinosaurs descended from them. One could have rea-

sonably assumed that were Middle Triassic beds well known,

the thecodonts would be discovered to be a varied group, with a

variety of forms leading in different directions —toward ptero-

saurs, bird ancestors, crocodilians and dinosaurs. Our increased

knowledge of Middle Triassic fossil deposits in recent decades

has gone far toward verifying this assumption, for although

many phyletic lines are far from clear, it is obvious that during

the middle part of the Triassic the thecodonts were undergoing

a rapid radiation into a wide diversity of types. The only large

Chaiiares form is Luperosuchus, represented only by an incom-

plete skull, which appears to be a member of the prestosuchid

(or rauisuchid) assemblage, of uncertain relationship. No close

affinities are known for Lewisuchus or the two small long-legged

types, Lagosuchus and Lagerpeton, represented mainly by hind

legs. Chanaresuchus and Gualosuchus are long-snouted, prob-

ably amphibious forms related to Cerritosaurus of the Santa
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Maria and Proterochampsa of Ischigualasto; once suggested as

crocodilian ancestors, the proterochampsids do not seem to be
related to that group, but are not impossibly related to the

phytosaur pedigree. A progressive form is Gracilisuchus, related,

it would appear, to Ornithosuchus of the later Triassic, which
has suggestive resemblances to primitive theropods, although it

is far from certain that the ornithosuchids are ancestral to these

dinosaurs. The Chanares thecodonts, as was stated, increase con-

siderably our knowledge of thecodont diversity, but as vet do
little toward establishment of any major archosaur evolutionary

lines.

Comparison With Other Faunas

As knowledge of Middle Triassic faunas has increased, ideas

as to the stratigraphic position and interrelations of these faunas

ha\e been expressed by a variety of workers, such as Bonaparte,

Colbert, Cox, Reig, and myself. I shall here merely consider the

interrelationships of these faunas from the point of view of the

Chanares assemblage. I have recently re\iewed the Triassic

faunas in a plenary paper (1972) for the Second Gondwana
Symposium, and hence full documentation here seems unneces-

sary.

As I pointed out some years ago (1966) Triassic faunas may
be roughly divided into three successive groups, (A) early,

(B) intermediate, and (C) late, although it is obvious that

such distinctions cannot be completely clear-cut, and transitional

assemblages may be expected. A-type faunas have long been

known from the Upper Beaufort beds of South Africa, contain-

ing mainly therapsids, although with early members of other

groups, notably thecodonts. C-type faunas are almost ubiquitous,

being known from redbeds Late Triassic deposits in Eiuope,

North America, South Africa, China, and (now) South Amer-
ica. In such faunas dinosaurs are already prominent, and their

thecodont predecessors are still present, whereas therapsids are

practically extinct (although the earliest mammals descended

from them have now appeared )

.

As to B-type faunas, these were until recently almost entirely

unknown, since deposits of Middle Triassic age in the northern

continents are mainly marine, and in South Africa the Molteno

beds, of Middle Triassic age, appear to be nearly barren of

fossils (although footprints are abundant). What should one

have expected in B-type faunas? Ob\'iously, a transition between
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A and C, with a gradual reduction of therapsids and an increase

in archosaurs, including a variety of thecodonts and the begin-

nings of the dinosaurs. The B-type faunas now known from the

southern continents do show these expected transitional features.

But, in addition, they show positive characteristics of their own,

in the great flourishing of gomphodont cynodonts and rhyncho-

saurs -—groups that had their beginnings in the A-type faunas of

the Early Triassic but seemed of little importance.

Let us first consider the South American situation. A-type

faunas are certainly present in the Puesto Viejo Formation and

not improbably in the Cacheuta series, as Bonaparte believes

(although the evidence is still scanty). The C-type is present

both in the upper part of the Los Colorados Formation, as now
being developed by Bonaparte, and in the El Tranquilo Forma-

tion. Between, we have in Argentina the succession Chanares-

Los Rastros-Ischigualasto, three formations that lie conformably

one above the other in the Talampaya basin. The Los Rastros

beds are almost barren of fossils, but it is, I think, generally

agreed that the Santa Maria Formation of Brazil is equivalent,

and thus, for vertebrates, our sequence may read Chafiares-Santa

Maria-Ischigualasto. All three clearly include B-type reptile

faunas. ^
The Chaiiares beds, earliest of the three, clearly are an early

part of the B complex. The gomphodonts are members of the

traversodontid family, and the diademodontids and trirachodon-

tid types present in the Scythian Cynognathus beds of South

Africa appear to be extinct. The carnivorous cynodonts are of

relatively ad\anced types —rather more advanced than Cyno-

gnathus. Rhynchosaurs are absent, but this, as noted above, ap-

pears to be due to some ecological factor, since primitive rhynch-

osaurs were already present in the A-type Cynognathus zone.

And, while few thecodonts were present in the Cynognathus

zone, thev are here alreadv varied in nature and in some cases at

least, of a progressive type.

The Santa Maria beds are quite surely later in age than the

Chafiares beds but, just as the presumably equivalent Los Ras-

tros beds lie in the break above the Chaiiares, the fauna of the

Santa Maria beds follows that of the Chafiares with some ad-

vances but without any major change. Among the dicynodonts,

Dinodontosaurus continues Httle changed into the Santa Maria.

Of gomphodonts, the Santa Maria Traversodon, although poorly

known, may well be descended with litde change from Mas-

setognathus. The Santa Maria carnivorous cynodont Belesodon



14 BREVIORA No. 413

appears to be but an enlarged edition of Probelesodon of the

Chanares. In both Chanares and Santa Maria beds, most of the

thecodonts are imperfectly known, but it is very probable that,

given more adequate material, several close comparisons may
come to be made, and Cerritosaurus of Santa Maria is very

similar structurally to Chanaresuchus of the earlier formation.

As Cox (1968) states, "the Chafiares fauna is only slightly

earlier than that of the Santa Maria." The only advance of any
note is that here (as might be expected) we have the first sign

of the evolution of dinosaurs from thecodonts in Staurikosaurus

Colbert and possibly the fragmentary materials described by
Huene as Spondylosoma.

Next above the Los Rastros Formation, without disconformity,

lies the Ischigualasto Formation, from which a very considerable

fauna is now known. The only dicynodont, Ischigualastia, is a

large form of no particular stratigraphic significance. Gompho-
donts of several genera —Exaeretodon, Proexaeretodon, Ischig-

nathus —are exceedingly abundant, especially in the upper part

of the formation. All are traversodonts that are more advanced
than those of the Chanares and Santa Maria beds. Carnivorous

cynodonts are rare and represented only by fragmentary remains

that ha\e been referred to the Santa Maria genus Chiniquodon.
Thecodonts are, again, fairly common and \'aried. Saurosuchus

is a relative of Luperosuchus of the Chanares but of larger size;

Proterochampsa is similarly a large member of the Chanare-
suchus-Cerritosaurus group. Triassolestes, originally thought to

be a dinosaur, is probably a thecodont, but perhaps a crocodi-

loid relative. Interesting is the presence of Aetosauroides, first

representative of a thecodont type that was to continue, ap-

parently little changed, to Late Triassic times. Of dinosaurs we
now have (although as rarities) the probable saurischians Her-

rerasaurus and Ischisaurus and, most interestingly, the oldest

known ornithischian, Pisanosaurus. Despite advances, we have

a close tie with the Santa Maria in that the common Ischigua-

lasto rhynchosaur Scaphonyx (thoroughly studied in an unpub-
lished thesis by Sill) is almost indistinguishable from the species

present in the Santa Maria. Chatterjee (1969) has suggested

that the Santa Maria localities containing Scaphonyx are later

than those containing the remainder of the fauna. But there is

no geological e\idence to support this suggestion; all the verte-

brate fossils, rhynchosaurs, dicynodonts and others, appear to

come from the relatively thin upper portion of the Santa Maria
Formation. In sum, the fauna of the Ischigualasto Formation
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is ad\'anced over that of the Santa Maria, but the difference is

not great, as Bonaparte has noted.

We lack any means of correlation of these South American
beds with the standard marine series, but since these faunas are

ob\'iously post-Scythian and pre-Norian, it is natural to suggest

a one-to-one correlation of Chanares-Santa Maria-Ischia^ualsto

with Anisian-Ladinian-Carnian. I have in the past expressed

doubts as to whether the horizon of the Ischigualasto Formation
was as high as the Carnian. In the European Keuper reptile

remains are known only from the upper, Norian, part of the

sequence and we have no knowledge of the reptile fauna of

Carnian times. Further, in the Ischigualasto Valley the Los

Colorados redbeds tower for some 400-500 meters above the

top of the Ischigualasto beds and, except for a single dicynodont,

our knowledge of the Los Colorados fauna is derived from the

vcv)^ topmost beds of this formation, so that it is possible that the

lower part of these beds are of Carnian age. However, consid-

eration of the faunas found in India and the northern continents

(discussed below) suggests that our B-type faunas continued into

Carnian days. It is thus very likely that the age of our B-type

Middle Triassic faunas conflicts with the classic division of the

Triassic into lower, middle and upper. Stratigraphically the

Middle Triassic includes Anisian and Ladinian, while the Upper
Triassic includes Carnian, Norian and Rhaetic ; as regards verte-

brates it is probable that the Middle Triassic includes Carnian

and Anisian and Ladinian as well, with the "upper" C-type

faunas restricted to the Norian and Rhaetic.

If one wishes to compare the Chaiiares and other South Amer-
ican B-type faunas with those of other continents, one naturally

turns first to South Africa, since current theories of continental

drift suggest that in the Triassic South America and Africa were

closely apposed to one another. If this was the case one would

expect similarities between the faunas of the two continents. But

even if the South Atlantic were then nonexistant, there would

remain a considerable distance between the Talampaya basin,

and even the Santa Maria region, and the fossiliferous beds of

east and south Africa. One should expect that there might be a

considerable difference between the reptile faunas of these regions

just as there is today a very considerable difference between the

reptile faunas of, for example, California and the Atlantic coast

areas of North America.

The African beds concerned are ( 1
) the Molteno beds of the
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Stormberg Series cf South Africa, (2) the Ntawere beds of

Zambia, and (3) the east African Manda beds.

The Molteno beds are quite surely Middle Triassic in age and

should contain a fauna of the B-type. But while footprints are

tantalizingly abundant, actual fossils are rare, and such few as

ha\'e been described are of uncertain stratigraphic position and

may either come from the top of the Cynognathus zone (as in

the case of a cynognathid) or from the base of the redbeds (as

in the case of a traxersodont gomphodont )

.

The Ntawere beds are as yet not fully explored and as yet little

material has been described [cj. Cox, 1969). Two zones appear

to be present. The lower, in which Diademodon is present, may
well be equivalent to the upper part of the Cynognathus zone,

with an A-type fauna. The upper zone fauna includes two

dicynodonts —the stahleckeriid ^ambiasaurus and the kanne-

meyeriid Sangusaurus, two traversodont cynodonts, Luangwa
and a second form as yet undescribed, and fragments of theco-

dont«;. In default of fuller data, the age of this fauna is difficult

to determine. The presence of traversodonts suggests the B-type;

but tra\ersodonts occur at an Early Triassic age in Argentina

and may well ha\ e been as early in appearance in Africa.

Of especial interest is the Manda Formation of east Africa,

from which a very considerable fauna is known, owing to col-

lections made for Huene, by Parrington, and by an English ex-

pedition a decade ago. Unfortunately much of the known ma-

terial is undescribed or described in only preliminary fashion.

I am indebted to A. J. Charig for the faunal list given here.

There are three dicynodonts, Kannemeyeria, Tetragonias, and a

third undescribed form. No carnivorous cynodonts are as yet

described, but gomphodonts are numerous and \aried, including

the diademodontids Theropsodon and {?)Aleodon, the triracho-

dontid Cricodon and a \arietv of traversodontids of which the

only remains as yet described are assigned to four species of the

Q:enus Scalenodon. Some seven thecodonts have received names,

including the prestosuchids Mandasuchus and (?)Stag?iosuchus,

and fi\e further genera not assigned to families —Parringtonia,

Teleocrater, Hypselorhachis, Nyasasaunis and Pallisteria. The
abundant rhynchosaur remains pertain to the primitive genus

Stenaulorhynchus.

The abundance of gomphodonts and rhynchosaurs indicates

that we are dealing with a typical B-type fauna, and the presence

of Kannemeyeria and of diademodontid and trirachodontid

gomphodonts suggests a relati\'ely early age. The fauna is ob-
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\iouslv earlier than that found at Ischia^ualasto, and the Santa

Maria and Chanares faunas are the two South x\merican as-

semblages with which comparisons might reasonably be made.
On the whole, it is the Chanares fauna that seems to be the

closest. The absence of rhynchosaurs in the Chafiares beds re-

mo\'es one basis of comparison which might have been hoped
for. Not improbably some of the Manda thecodonts will show
aflfinities to Chafiares genera when fully described. Crompton
tells me that some of the Manda gomphodont specimens are

closely comparable to Massetognathus, but here again we must
await further publication. It is not unreasonable to expect that

when the Manda fauna is fully described it will prove to be

rather similar to that of the Chanares, but of a somewhat earlier

date.

In more northern regions —India, Scotland and Nova Scotia

—are assemblages that contain characteristic elements of the

B-type fauna but are usually considered as of Late Triassic age.

In the Maleri beds of India only three named tetrapods are

present. These are : ( 1
) a stereospondylous labyrinthodont ge-

nerically identical with Metoposaurus, common in the Upper
Triassic of both Europe and North i\merica but otherwise un-

known in presumed "Gondwana" areas; (2) a phytosaur, diffi-

cult to assign to a given genus (the systematics of phytosaurs are

in a confused state) but representing a group unknown else-

where in "Gondwana" areas except in Morocco; (3) a rhyncho-

saur Parasuchus [Paradapedon] of an advanced type which
Chatterjee believes related to Scaphonyx of South America and
Hyperodapedon of Elgin. The presence of a metoposaur and
phytosaur in a supposed Gondwana region presents an interesting

geologic problem, but the question of the age of the Maleri is

almost equally interesting.

The Maleri is considered to be "Upper" Triassic; but while

"upper" in a stratigraphic sense, it may well represent a Carnian

fauna of our B-type. As regards phytosaurs, they are unknown
in Europe before the Norian, but this group obviously had a long

antecedent history (disregarding the question of the age of

Mesorhinus) . Metoposaurs, again, are "Upper" Triassic, but it

is not improbable that there may have been older antecedent

stages in the development of these peculiar stereospondylous

labvrinthodonts.

Rhynchosaurs, in the form of the advanced genus Hyper-
odapedon, are present in the Elgin beds of Scotland, which
Walker (1961) believes to be of Norian age. His conclusions
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mav be correct, and this mav mean a late survival of rhvncho-

saurs in Europe. But it must be pointed out that there is no
trace of a rhynchosaur in the Norian Keuper of continental

Europe, and hence it may be suggested that the Elgin beds are

pre-Norian, perhaps Carnian in age. The Elgin fauna is a sparse

one; there is nothing to represent the typical dinosaur fauna of

the continental Norian (the systematic position of Ornithosuchus
is questionable ) . Walker's correlation with the Norian is based

mainly on the presence of Stagonolepis, a close relative of

Aetosaurus of the continent. But we now know that the aeto-

saurid pattern was already present in the Ischigualasto beds in

the form of Aetosauroides [Argentinosuchus], which is still in-

completely known but appears to be a fully developed member
of this group.

Most interesting is the report by Baird (1962 and in litteris)

of the presence in beds in Nova Scotia which have been corre-

lated with the Newark series of the Atlantic seaboard of the

United States, of both of the most characteristic elements of the

B-type fauna —
- rhynchosaurs and a gomphodont jaw ! The

Newark is a characteristically C-type series, as witnessed not so

much by the rare dinosaurian fossil remains as by the vast num-
bers of dinosaur footprints. Are we dealing in these Nova Scotia

finds with a very late sur\d\'al of gomphodonts and rhyncho-

saurs? Or —more probably, I think ^—these supposed Newark
equi\'alents in Nova Scotia may, in their lower beds, extend

downward from Norian to Carnian age, into the time of exist-

ence of the B-faunas. Parenthetically, while the familiar red

Triassic deposits of the western United States —Chinle, Dockum,
Popo Agie —are usually considered as of quite Late Triassic

age, we find in them mainly metoposaurid amphibians and phy-

tosaurs, and little representation of the abundant dinosaurs found

in the European Norian, the redbeds of South Africa, the Late

Triassic of China and, apparently, in the Newark series proper.

Ls the nature of the faunas of these western beds associated

with ecological factors or are they of pre-Norian age?
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Abstract. Three different kinds of ecological relationships between newly

separated species are examined, with the aim of establishing their expected

effects on the systematic differences between the species involved. In cases of

slight difference between the habitats of two products of recent speciation,

selection can be expected to favor specific competitive mechanisms, but

taxonomic differences would be expected to be slight, and examples of

hybrid superiority would be common. Where the habitats of the two species

are markedly different, as along a steep ecological gradient, adaptation to

the different places will result in species that become broadly overlapping

in habitat, and taxonomically different in many clearly adaptive characters.

Although this latter process leads to species with somewhat different food

habits, it would not lead to food specialization, even if the two species were

originally limited in abundance by food and in competition for it. True

food specialization, in the form of monophagy, is most likely to evolve in

the presence of a superabundance of several kinds of food, owing to in-

creased efficiency of handling, digestion and metabolism, and is improbable

among species in competition for food. Closely related monophagous species

should differ maikedly in a few characters, and hybrids should be inferior.

Examples of the three situations are described, plethodontid salamanders

being used for the first two and leaf-mining insects for the third.

Introduction

Classically, the relationship between systematics and ecology

has been approached by first taking systematics as the exploration

of genomic diversity, and then turning to ecology for explana-

tions that were secondary to the origin of differences. This

approach is epitomized by the recent comment to me that the

reproductively isolated entities within Paramecium aurelia could

^Museum of Zoology, the University of Michigan
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now be considered species because their isoenzyme patterns are

visibly different. Such a viewpoint surely gets the classification

much too far away from the biology. As an antidote, I propose

to examine the relationship from the standpoint that ecology

provides the set of opportunities that can be exploited by diversi-

fication of the genome. The approach is not original, as it is

the basis for the idea of adaptive radiation, but the impact of

ecology on systematics deserves reexamination. In this, we should

separate the passive background from the active; that is, those

factors that set the conditions, and those that are able and likely

to respond by evolving themselves. These two classes, unfortu-

nately, will not remain constant for us. For example, it would
be agreed that the distinction between nonliving and living parts

of the environment might provide such a preliminary classifica-

tion, but as far as I can discover, this is not the case. The dis-

tinction between the vegetation on one hand and the climate and
substrate on the other is clear enough. The physical gradients

provide the passive background, making physiological demands
on a potential additional plant species, and the various com-
peting species of plants provide the acti\'e counteradapting back-

ground, making ecological demands.

However, when we consider the active and passive background

of animals, particularly carnivorous ones, the distinction between

plants and the physical environment becomes less important than

the distinction between both of those on the one hand and other

animals on the other. Indeed, there are few cases of terrestrial

predators which are distributed concordantly with even the

dominant plants, and when this coincidence does occur, the

plants are used in a nonliving context, as when they are required

for nest sites.

This example provides the opportunity to emphasize the dis-

tinction between selection for physiological adaptation and selec-

tion in response to the ecological pressures of competition and

predation. It is to the latter to which I wish to address myself

principally, but I first give an example of the simultaneous opera-

tion of both. This will be followed by a description of what

seems to me to be an unusual opportunity to investigate the

ecological interaction between one species and several geograph-

ically varying populations of another, closely related one. From
that, I hope to be able to generalize some about a fruitful in-

vestigation of other kinds of systematic consequences of ecological

phenomena.
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^,: An Analysis of the Exploitation of a
:

'

Undimensional Gradient

As has been emphasized by Dunn (1926), (Hairston, 1949),
Organ (1961) and others, the evolution of the Dusky Sala-

manders of the genera Desmognathus and Leurognathus is de-

scribable in terms of adaptation to a linear series of habitats from
aquatic to terrestrial.

This unidimensional array of pertinent physical environments

facilitates the analysis of each species' most immediate biological

environment: namely, its closest relatives.

My own early analysis showed that the coexistence of five

species was possible, when they used the entire physical gradient

from completely aquatic to terrestrial. The species involved are

Leurognathus marniorata, Desmognathus quadrainaculatus, D.

monticola, D. ochrophaeus and D. wrighti. The distribution of

the four species of Desmognathus is shown in Figure 1. With
no further information, however, it was not possible to determine

whether more species could be accommodated in this presumably

competitive series.

Some years later. Organ was able to provide a tentatively

negative answer when he investigated the ecological distribution

of the same four species of Desmognathus in an area where a

fifth species, D. fuscus, was found. He found that at nearly every

location, the maximum number of species present was four.

D. fuscus could coexist either with D. quadramaculatus at high

elevations or with D. monticola away from large streams at lower

elevations but not with both.

Thus, the limit imposed by the presumably competitive rela-

tionships seems to have been reasonably well established, but a

more detailed look at the data suggests that steepening of the

moisture gradient may reduce the number of species that can be

accommodated from the competitive standpoint. At high eleva-

tions, atmospheric moisture, however expressed, is as great far

from water as it is over a stream at low elevations (Hairston,

1 949 ) . This correlates very well with the combined vertical and

horizontal distributions of the two most terrestrial salamanders,

Desmognathus ochrophaeus and D. wrighti. D. ochrophaeus is

confined to a zone near streams at low elevations, none having

been found more than 15 feet from a stream at elevations below

3000', but its distribution is unrelated to surface water above

4500 feet. D. wrighti, with its distribution unrelated to water

in summer, apparently cannot compete with its congeners close
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to Streams at low elevations, and cannot persist away from

streams there because of the lower moisture.

It is therefore with some interest that one notes the coexistence

of four species of Desmognathus at low elevations (down to

2200 feet) in the Nantahala Mountains. D. wrighti does not

occur at low ele\'ations, but a study of the ecological distribution

of the genus shows the presence of a terrestrial species, D. aeneus.

This species, which is the size of D. wrighti, but more slender,

was found closer to streams than wrighti usually is in summer,

but clearly occupies the same general position at the terrestrial

end of the environmental gradient ( Fig. 1 ) . It seems anomalous

that it should be present, although D. wrighti is unable to occupy

the corresponding habitat at low elevations near its range. It

was postulated above that this inability is related to reduced

moisture at low elevations. This suggests that there may be a

climatic \'ariation that permits the existence of a low-altitude

terrestrial Desmognathus in the Nantahala Mountains. An
examination of rainfall records reveals that such is the case. In

the Coweeta Experimental Forest, the location of the distribu-

tional study, the average annual rainfall ranges from 75 inches

at 2240 feet to 93. inches at 3870 feet. This is appreciably higher

than the rainfall at comparable elevations elsewhere in the

Southern Appalachians. For example, at the foot of the Great

Smoky Mountains, Bryson City, N.C. has an average annual

rainfall of 52.12 inches. At the foot of the Black Mountains,

Montreat and North Fork have 53.61 and 51.78 inches respec-

tively, and between the Smokies and the Blacks, the French

Broad Valley receives from 38.45 inches at Enka to 47.61 at

the Asheville-Hendersonville x\irport.

Among other locations at comparable elevations in the South-

ern Appalachians, only the region from Brevard to Highlands,

N.C. receives as much rain as the general area south and west

of the Little Tennessee River. Comparable rainfall is found

elsewhere only at high elevations (71.20 inches at Mt. Mitchell,

6684' in the Black Mountains, and 81.71 inches at Clingman's

Dome, 6643' in the Great Smoky Mountains).

The end of the series of species seems to be determined by

climate, with high rainfall permitting the addition of a small

terrestrial species. On larger and higher mountains, when the

tops are (or once were) covered with conifer forests and rainfall

is high, the terrestrial species is Desmognathus wrighti, which is

confined to elevations above 3500 feet; in that part of the moun-

tains where the rainfall is high, even at low elevations, Des-
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mognathus aeneus occupies the terrestrial end of the series. In
other areas, the series stops with the third species, D. ochro-
phaeus. It does not appear possible for another species to enter

the series in the midle, as shown by the situation with D. fuscus
at \Vhite Top Mountain in Virginia. Competition thus seems
to determine how similar any pair of species can be and still

coexist. When the climate would require the next most terrestrial

species to o\erlap the habitat of D. ochrophaeus to too great an
extent, only three species are found.

This situation seems to present an unusually clear example of

the e\'olutionary exploitation of a simple environmental gradient

and of the limits of this diversifying exploitation that are set by
competitive interactions. The limits to "species packing" are

demonstrated as clearly as post-facto analysis could permit.

Moreover, it provides a miniature model for the early stages

in the e\'olution and diversification of the family Plethodontidae.

Post-Speciational Events :

Increased Competition or Coexistence?

The kind of analysis made in the preceding section differs

from large numbers of published descriptions only in being a

little more tidy than most. If the field is to progress, such state-

ments will become the beginning of studies at the interface of

ecologv' and systematics, rather than representing final conclu-

sions. The choice among investigations of ecological distribution

should depend upon the respective opportunities that they pre-

sent for experimental tests of hypotheses of systematic status or

ecological processes. One of the points which I wish to make
most strongly is that experimentation related to ecological inter-

actions can yield important information about evolutionary

events, provided that care is taken to select appropriately favor-

able situations for study. One such situation that seems to be

especially suitable for field manipulations is represented by two
species of Plethodon, an exclusively terrestrial genus of sala-

manders. The location is also the Southern Appalachians.

Plethodon jordani is endemic to the southern Appalachians.

Through much of its range, it is confined to higher elevations,

resulting in a fragmented distribution consisting of a number of

isolated populations, many of which are morphologically dis-

tinct from each other. These populations have been studied

repeatedly, and have been classified as belonging to as many as

four distinct species (Grobman, 1944). Whenever specimens



1973 ECOLOGYAND SYSTEMATICS 7

have been taken from intermediate locations, they are inter-

mediate in color between the adjacent different populations.

This discovery led to the eventual inclusion of all of these popu-
lations within Plethodon jordani and the recognition of seven

subspecies (Hairston and Pope, 1948; Hairston, 1950). The
subspecies are no longer recognized, largely because at least some
of the color characters are distributed independently of one
another. The situation as it is presently known is described by
Highton (1970, 1971) and by Highton and Henry (1970), who
add the electrophoretic patterns of plasmaproteins to the char-

acters for which distributional data are available.

Plethodon glutinosus is widespread throughout the eastern

United States. In the Southern Appalachians, it tends to occur

at lower elevations than those at which P. jordani does, and I

ha\'e suggested that the sharp altitudinal replacement of the two
species is the result of competitive exclusion (Hairston, 1949,

1 95
1

) . Although easily recognizable color differences are known
for at least four geographically distinct parts of the P. glutinosus

population (Highton, 1962, 1970, 1971), the population in the

area discussed herein consists of only one of these. P. glutinosus

is thus morphologically more uniform than is P. jordani. The
above-mentioned altitudinal separation of the two species is not

the case everywhere, however. Over the southeastern part of the

range of P. jordani, the two species occur together over nearly

the entire range of altitudes available, indicating that competition

does not play a significant role in their distributions. This ob-

servation, reported by me for a few vertical transects (Hairston,

1951) has been confirmed and extended by Highton. The fact

that in this area P. jordani occurs at lower elevations and P-

glutinosus at higher elevations than elsewhere strengthens the

conclusion that in the areas of altitudinal replacement, there is

intense competition in the narrow vertical zones of overlap. It is

this geographical difference in ecological relationship between the

two species that provides an unusual opportunity to investigate

the phenomenon of competition in the field, and to obtain evi-

dence on the sequence of evolutionary events accompanying

competitive interactions between two similar species.

The above account is oversimplified from the taxonomic stand-

point. Over most of the area west of the French Broad River,

the two species are distinct, but Highton has found hybrids at

appropriate elevations on some of the mountains, and intergra-

dation is so extensive in the Nantahala Mountains that the local

form of P. jordani was once described as a subspecies of P.
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glutinosus (Bishop, 1941). Highton has called specimens from
intermediate elexations a hybrid swarm. Two detailed vertical

transects in the Southeastern Nantahalas at Coweeta Experi-

mental Forest show that simple explanations of the relationship

are unlikely to be satisfactory. The forest has two more or less

parallel roads that ascend to the top of the mountain. The roads

di\'erge slowly from the foot of the mountain at 2200 feet, being

a little more than one mile apart at 3200 feet and around two
miles apart at the points where they reach the top of the ridge at

4100 and 4500 feet, respectively. In October, 1971, a transect

was carried out along the more northern road, to be referred to

as the Shope Creek Road. The con\'entional expectation would
be of continuously increasing similarity to P. jordani and de-

creasing similarity to P. glutinosus with increasing altitude. The
comparison was made on the basis of color alone, no other

known character being of value in that part of the range. Four
different color characters are possible. P. jordani is character-

ized by red legs and a pale belly; P. glutinosus has extensive

white spotting, especially on the sides, and a black belly. A
population of P. jordani 10-15 miles to the east has extensive

brassy spotting on the back, as well as some white spotting on the

sides, but at present seems to be distributed discontinuously from

the Nantahala population. A few specimens from the transect

had brassy spots, but were too few to yield meaningful informa-

tion. Arbitrary scales were established to compare the relative

amount of red on the legs, white spotting, and darkness of belly

color. Six to 20 specimens were collected at each of 11 eleva-

tions from 2200 to 4300 feet. For each collection, an average

intensity of each character was established by five different ob-

servers, and the results pooled. The three characters changed in

exactly the same way along the transect. The results for two of

them are shown in Figure 2. The reversal of the expected trend

led to a transect of the southern road (Ball Creek) in 1972.

The results, shown in Figure 3, conform to the original expecta-

tion, but do not agree with the Shope Road transect, which was
repeated in 1972 with \irtuallv identical results to those obtained

in 1971 (Fig. 2).

Although the 3800-foot site is located on an east-west ridge,

the same is true of all higher sites, and no obvious vegetational

differences could be seen to account for the difference between

the transects —impressions confirmed in the records from 69

widely dispersed rain gauges (Dils, 1957).

\Vhate\er the eventual explanation for these anomalous data.
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ALTITUDINAL VARIATION IN COLORCHARACTERSIN PLETHODON
ALONGBALL CREEKWATERSHED
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Figure 3. The vertical distribution of two color characters in Plethodon

along the Ball Creek transect, for comparison with Figure 2.
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they reflect complications in the relationship between the two

species, and further in\'estigations may reveal or at least suggest

\'ery local selective forces.

The situation in the Nantahalas gives a strong indication of

close taxonomic relationship between P. glutinosus and P. jor-

dani, and is thus useful information in suggesting ecological and

especially evolutionary questions about the two species elsewhere

in the Southern Appalachians where hybridization is absent or

very rare.

Current ev^olutionary theory would explain the observed eco-

logical distributions in these other areas in the following manner

:

assuming, as seems likely, that Plethodon glutinosus and P. jor-

dani share a common ancestor in the not very remote past, the

speciational event separating them left two species with adjacent

geographical ranges and very similar ecological requirements.

Plethodon jordani presumably occupied the southern part of the

Blue Ridge physiographic province, and the relevant part of

P. glutinosus occupied the adjacent part of the Piedmont prov-

ince. With a warming climate, glutinosus has invaded the val-

leys of the Blue Ridge province, but competition from jordani

has prevented glutinosus from extending its range to the tops

of at least some of the mountains, notably the Great Smoky
Mountains, the Black Mountains, and the Unicoi Mountains.

Throughout most of the rest of the area of common distribution,

one or both species have evolved into ecologically divergent

directions, with the result that competitive exclusion no longer

operates, and the two species coexist over a wide range of eleva-

tions. This situation would represent character displacement in

the use of some ecological requirement as yet unidentified. In

the areas of competitive exclusion, the vertical overlap of 200

feet represents the uncertainty of outcome of competition owing

to climatic variability, P. jordani being favored by cool, wet

years and P. glutinosus by the reverse conditions.

' Thus, in conventional theory and as far as numerous observa-

tions have revealed, we have the same two species coexisting in

some areas and in intense competition in others. Geographic

variation in color of P. jordani provides independent identifica-

tion of representatives from the two ecologically different popu-

lations, and this and other features make it feasible to undertake

experimental manipulations to test the accuracy of the interpre-

tations that I and others have made of the present distributions

of the local populations of the two species. This should be done

by reciprocal removal experiments and by exchanging numbers
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of Plethodon jordani between the two areas of presumably dif-

ferent ecological relationships. Inasmuch as they difTer in color

pattern, the introduced individuals and their descendents would
be readily identifiable for an indefinite number of years after the

start of the experiments.

The most obvious first test of the interpretations would be to

remo\'e each species separately from different plots in the differ-

ent areas where competition is and is not expected. If the in-

terpretation is correct, the remaining species should show a much
greater response in the area of narrow vertical overlap than in

the area of wide vertical o\'erlap.

Whatever the outcome of these simple removal experiments,

they would help resoh^e an implicit contradiction in ecological

theory. This is the conflict between the often used theory that

distributional overlap between closely related species implies an
appreciable amount of competition (Levins, 1968; MacArthur,
1968) and the converse that the same overlap implies that com-
petition is reduced or absent (Crombie, 1947; Hairston, 1951;
Brown and Wilson, 1956; MacArthur, 1972: 29 ff). This con-

flict is rarely stated overtly, but its resolution could have a pro-

found effect on ecological theory, including much that has been
written about niche breadths and community matrices.

The implications of the simple removal experiments are more
directly ecological than they are evolutionary. The combination

of ecological and systematic situations provides the opportunity

for more sophisticated experiments whose results could yield im-

portant insights into the recent influence of natural selection on
the direction of evolution in the several populations of Plethodon

jordani. These experiments would consist of reciprocal trans-

plants of populations of P. jordani between an area of narrow
o\'erlap and one of wide overlap. The subsequent changes in the

transplanted jordani populations and in the P. glutinosus popu-

lations newly exposed to the foreign jordani would re\eal the

direction of recent evolution with respect to interspecific com-
petition.

If P. jordani from the area of wide overlap survived in the

area of narrow overlap, and the P. glutinosus population in-

creased, the interpretation would be that in the area of wide

overlap, P. jordani has evolved so as to decrease its competitive

interaction with glutinosus. If P. glutinosus has evohed in the

same way, the reciprocal experiment should result in no change

in the glutinosus population, and it might result in an increase in

the jordani population introduced from the area of narrow over-
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lap, because the jordani would not be meeting as much compe-
tition as it had been experiencing before the experiment.

Con\ersely, if the P. jordani transplanted from the area of

narrow o\erlap increases in the area of wide overlap at the ex-

pense of the local P. glutinosus, it would be necessary to conclude

that recent e\'olutionary history had produced a specialization

in jordani for some specific competitive mechanism.

A decrease in and eventual disappearance of jordani moved
from the area of wide overlap, combined with an increase in the

local glutinosus, would be interpreted to mean the evolution of a

specific competitive mechanism in that population of glutinosus.

The complete set of possible experimental outcomes and their

interpretations is given in Tables 1 and 2. Specifically omitted

from the tables are the highly necessary controls. For the re-

moval experiments, the only controls required are undisturbed

plots containing both species. The reciprocal transplantation of

populations of P. jordani will require elaborate controls. First,

one must be satisfied that the salamanders can be moved at all

and continue to thrive. This will require transplanting animals

within an area where their ecological relationships appear to be

constant. Assuming the success of such an experiment, it will

also be necessary to provide assurance that they are physiologi-

cally capable of existing in the remote area where the competi-

tive relations are presumably different. For this control, it will

be necessary to first remove both species from a plot and then

introduce the foreign jordani. Its survival would assure an

interesting result on those plots where it was introduced into

contact with glutinosus. The failure of any of these controls

would of course mean that the main experiment in reciprocal

transplantation of populations was a failure. This is a gamble

taken by anyone planning a controlled experiment.

If the controls succeed, the experiment should permit one to

choose with confidence between the following hypotheses: First,

that after speciation natural selection has favored ecological

diversification with resultingly greatly lowered competition and

a greatly increased area of coexistence; and second, that after

speciation and reinvasion, natural selection has favored the de-

velopment in at least one species of mechanisms to increase its

competitixe ability and thus exclude the congener from all or

nearly all of its range. The ability to choose between the two

hypotheses would greatly advance our ability to interpret sys-

tematic-distributional data from a large array of situations where

post facto conclusions are all that can be expected.
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TABLE 1. The plan and possible outcomes with their interpretations of

experimentation in the area where Plethodon jordani and P. glutinosus over-

lap broadly in vertical distribution. All controls are described in the text.

MANIPULATIONS
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TABLE 2. The plan and possible outcomes with their interpretations of
experimentation in the area where Plethodon jordani and P. glutinosus have
a narrow zone of vertical overlap. All controls are described in the text

MANIPULATIONS OUTCOME

A.

Remove
jordani.

B.

Remove
glutinosus.

I.

Replace

with

jordani

from area

of wide

overlap.

2.

Leave

local

glutinosus

alone.

1.

Leave

local

jordani

alone.

Disappearance

of moved
jordani.

Persistence

of moved
jordani.

No change in

abundance of

glutinosus.

h.

Increase in

abundance of

glutinosus.

a.

No change

in abundance

of jordani.

b.

Increase in

abundance

of jordani.

INTERPRETATION

Local glutinosus has a specific

competitive adaptation to all

jordani; glutinosus should

increase in abundance.

(I)

If glutinosus increases in

abundance or remains stable,

indicates that introduced

jordani has evolved ecological

character displacement with

respect to all glutinosus.

(II)

If glutinosus decreases, indicates

specific adaptation by area I

glutinosus to coexist with all

jordani; especially strong if

combined with A 1 b (II) of

Table 1.

Means that original hypothesis

of competition was false. Total

distribution pattern hard to

interpret. Expect other bad

results. Habitat disturbed?

Confirms original hypothesis of

competition. Should increase

more than in A 2 b of Table 1.

Means that original hypothesis

of competition was false,

especially with A 2 a. (Same

interpretation)

Confirms original hypothesis of

competition; jordani should

increase more than in B 1 b of

Table 1.
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Specialization and the Results of
Ecological Interactions

The e\'olutionary result of competitive interactions has been
the subject of a great deal of speculation, most of it stressing

specialization for different resources. This interpretation requires

scrutiny, since it implies that differential specialization is a prob-

able result of competition for resources, and the observation of

different food habits among coexisting related species has been

interpreted as a\'oidance of competition.

Such an interpretation, to be accepted even provisionally,

should require an examination of alternate hypotheses to explain

the observation. One such hypothesis that has not been explored

adequately, is that specialization carries advantages in efficiency

of handling, digesting or metabolizing the food, and that com-
petition need not be invoked at all. Thus, competition is easily

shown not to be a necessary condition for the evolution of food

specialization. The subject will be pursued to examine the ques-

tion of the sufficiency of competition as an explanation. If spe-

cialization for one kind of food is regarded as a derived state, as

either of the aboxe hypotheses assumes, then polyphagy must be

regarded as the starting point for any reconstruction. Assuming
that such is the case, and that the members of a species are ex-

periencing intraspecific competition for food, an individual of this

species which tended to specialize would be at a disadvantage

whene\er its specialty became scarce, since, in becoming a spe-

cialist, it would be expected to lose some ability to handle or

digest the remaining kinds of food. The only ways for such a

specialist to remain at an advantage would be to begin by being

so efficient at obtaining the special food as to overcome the

expected periodic scarcity, or else in some way to avoid the ex-

pected trade-off in efficiency with regard to other kinds of food.

The probability appears to be very low in either case. Thus, for

food-limited species polyphagy should be the rule.

With an initially polyphagous species that has a superabun-

dant supply of food, the situation is quite different. Any geno-

type increasing specialization is likely to be favored because of

the benefits of increased efficiency. No penalty is attached to

this tendency, because under the terms stated, none of the various

kinds of food is ever in short supply. Therefore, contrary to

routinely accepted theory, specialization for different foods

should be characteristic of species that are not in competition,

and the claim is hereby advanced that prior competition is
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neither a necessary condition nor a suflficient one to explain the

coexistence of closely related species each specializing on a dif-

ferent food.

How is such a claim to be tested? One way would be the

laborious one of field experimentation testing for the means of

limitation of population size in a large series of related species,

some of which were monophagous and some polyphagous. If

the former are consistently limited through means other than the

supply of their food resources, and the latter show a consistent

tendency to be food-limited, the claim would be strongly sup-

ported. Rigorous proof of a series of events in evolutionary his-

tory is, of course, not possible, and in the present instance, even

if the experiments had the expected outcomes, the counterclaim

could always be made that the specialists had been released from
competition by becoming specialists and therefore would have

to be limited in abundance by some other factor.

A post facto test of the claim that food specialization implies

the absence of prior competition for food can be suggested in the

following manner. Among a number of species whose food is

well documented, there should be no particular relationship be-

tween the degree of specialization and the number of specialized

species per species of food. If, on the other hand, specialization

represents an evolutionary "escape" from competition for food,

the advantage gained should be reflected in a tendency to be the

only such species feeding on the food species in question. Thanks
to an extensive table by Needham, Frost and Tothill (1928),

this test can be made in the case of leaf-mining insect species.

There are 435 species of plants that serve as hosts. Of these 289

are fed on by only one species of leaf miner; 82 are fed on by

two species, and 64 are fed on by three or more species of leaf

miners. On the hypothesis that the distribution of the insect

species is by chance among the three groups of plant species, the

expected distribution can be calculated by tabulating for each

insect species its host plant species with respect to the number of

insect species that the host plant supports. Thus, for each spe-

cialist, only one plant species will appear in the table; for those

feeding on two plant species, both plant species will appear in

the table, and the same system continues for insects feeding on

three or more species of plants; each plant species will appear

separately in the appropriate part of the table. After the removal

of those records involving plants determined only to genus, and

prorating those appearing more than once in the table, there

remain 426 records of the plant species, classified according to
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TABLE 3. The number of species of plants attacked by varying numbers of

species of leaf-mining insects. The insect species have been separated ac-

cording to the specificity of their food habits. The figures in the table have
been calculated on the assumption of no relationship between the degree of

specialization of the insect and the number of species of insects supported by
its food plant (s) .

Number of species of insect per species

2 of host plant

U o - -

O a. U
^ w y:

«4-l — —

^ ^ -y.

^ (-1 ^

^ O y.

TABLE 4. The observed distributions of plant species for comparison with

the expected distributions in Table 3.

Number of species of insect per species

60 of host plant

O '> w
a- ~ '
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provide no support for the hypothesis that specialization for spe-

cific food items arises as a direct result of interspecific competi-
tion, and the data do support the hypothesis that such specializa-

tion arises in the presence of ample food of various kinds. The
data, incidentally, are also consistent with other kinds of evi-

dence indicating that the terrestrial herbivore trophic level is

predator-limited as a whole (Hairston, Smith, and Slobodkin,

I960).

It is now worthwhile to examine the kinds of divergence that

would be likely under the selective force of interspecific compe-
tition. It is assumed, and will probably be conceded, that com-
petition is likely to be most intense between close relatives, here

interpreted as those most recently separated by speciation. It is

further assumed that newly separated competing species will be

in contiguous but largely nonoverlapping ranges. If the differ-

ences between the adjacent places were great enough, the pro-

cess of adaptation to the separate local conditions would be

likely to result in species that were different in many ways, in-

cluding the acquisition of different kinds of food, even if both

species were limited in abundance by their food supplies. Selec-

tion might now favor either of two quite different courses: the

production of competitive mechanisms specifically against the

neighboring species, or further divergence by each species in ob-

taining food in those parts of the others' range most like its own.

The first would sharpen the boundary between the two species,

as is the case with Plethodon jordani and P. glutinosus over parts

of their distribution; the second course would be expected to

lead to broadly overlapping but different ecological distributions,

such as are exemplified by the species of Desmognathus. These

two courses, as well as the third and noncompetitive course pro-

posed earlier, would have quite different consequences from the

standpoint of systematics. The continued highly competitive situ-

ation should result in few differences, and it is easy to imagine

situations in which hybrids would be at an advantage. The two

spdcies of Plethodon in the Nanthala Mountains may provide an

example. Where the species become differentially adapted to

place, it would be expected that many differences would be

favored, and that eventually these would become the large dif-

ferences that characterize higher categories. It would be easy to

place Desmognathus aeneus and D. quadramaculatus in different

genera, were it not for the existence of two species intermediate

between them in morphology. Finally, in the noncompetitive

situation, it might be expected that selection would produce few
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differences, but those would be ver\- distinct, and would be such

as to put hybrids at a severe disadvantage.

What is being suggested here is that an analysis of the sys-

tematic and distributional relationships provides clues to the eco-

logical forces that have been operating on the species in question.

In the case of one such situation, there has been proposed a series

of experimental tests designed to permit a choice among the eco-

logical and selectional events that led to the present systematic

relationships. Without such planned experiments, we are com-
mitted at best to accepting "natural experiments," the conditions

of which may be unknown to us, and which nearly always lack

the elements of controls and of experimental design that promote
definitive answers to specific questions. Manipulations will not

be possible for all situations, but if the different ecological causes

and their systematic effects that I have suggested can be con-

firmed for a few specific cases, predictive power would be added
to the simple analyses to which we are now confined.
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Abstract. Modern behavior studies are, or should be, primarily concerned

with problems of causation. The immediate causes of particular behavior

patterns are being analyzed at the physiological and biochemical levels. The
ultimate causes, selection pressures, are being studied by ecologists and

ethologists. Unfortunately, there is little contact between the two lines of

investigation at the moment. Doubtless a new synthesis will be achieved in

the future. It does not, however, appear to be imminent. In the meantime,

the results of behavior studies in th^ field or in the laboratory in semi-

natural conditions can still be of use to the evolutionary biologist. They

may be most helpful in revealing the details, mechanics, of certain ecological

processes, which are themselves the regulators or determinants of evolutionary

events. Some examples from recent work on cephalopods, monkeys, and birds

may illustrate the sorts of data that are both available and relevant.

Introduction

I have been asked to talk about my own work on animal

behavior and related subjects, and also to say something about

possible further developments of behavioral studies in general.

The prospect of thus anticipating the future is not entirely grati-

fying. It seems to me that current research on animal behavior

has reached a difficult, awkward, almost embarrassing stage. As
is the case with any subject, there are numerous false starts and

unrewarding pursuits. Some questions being asked by workers

in the field are hardly worth posing. The answers are self-

evident or easily predictable. Some other questions are devoted

to more significant problems, but apparently cannot be answered

with the techniques currently available, at least not the tech-

niques actually being used. More important, the various kinds

^Smithsonian Tropical Research Institute
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of studies that are proving to be useful and successful are becom-
ing increasingly disparate in both methods and objectives.

This anomalous situation is, of course, the result of historical

factors. It might be instructive, therefore, to give a brief resume
of some aspects of the past, in order to explain the present unease

and to pro\'ide or re\ eal a reasonable rationale for some of the

continuing work —my own included.

Many biologists, the majority of evolutionary biologists and
"natural historians," probably would agree that the most stimu-

lating school of behaviorists in this century was that of the "ethol-

ogists." Ethology as such may be difficult to define. In theory,

the term could be applied (without paying too much attention

to its classical deri\ation) to the whole of the science of behavior.

In fact, it is usually restricted to a particular approach to the

subject, based upon Darwin (1872) and other pioneers such as

Heinroth (1911), Whitman (1899 and 1919), Huxley (1914),
and Craig (1918), and perhaps influenced by some early ideas

of Freud or his predecessors, but largely developed in continental

or Teutonic Europe in the 1930's and 1940's and subsequently

widely diffused, first in the English-speaking world and then

elsewhere in the next decade.

This school was distinguished by a concentration upon large

segments or sequences of behavior in natural or semi-natural

conditions, especially social (inter-indi\idual behavior and the

reactions that were called at the time "innate," i.e., species-

typical or (often by implication) species-specific. Among the

better known products of the school which may ser\^e to illustrate

its original range of interests were papers by Lorenz {e.g., 1931,

1935, 1941), Lorenz and N. Tinbergen (1938), N. finbergen

(1932, 1935, 1936, 1939, 1940), Makkink (1936), Kortlandt

(1940), Seitz (1940 and 1941), and Baerends and Baerends

(1950).

Another characteristic of the first ethological studies was a pre-

occupation with causes, not only long-term components such as

selection pressures affecting beha\'ior in the course of evolution

but also short-term or even immediate causes, external and in-

ternal states and stimuli and internal mechanisms producing
particular acts at particular instants in time. The latter interest

entailed a considerable amount of rather ambitious and detailed

model-building, the dc\elopment of concepts and terms such as

"Innate Releasing Mechanism," "reaction specific energy," "dis-

placement" activities, and "hierarchies" of instincts. The state of

the art at this stage is beautifully summarized in N. Tinbergen
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( 1951 ) . Unfortunately, most of the models proved to be descrip-

tive of the overt manifestations of behavior but not explanatory

or usefully predictive. They did not correspond very closely to

the actual e\'ents within a behaving animal. (This sort of dis-

crepancy between the perceived and the real is an occupational

hazard of model-building. There may be comparable gaps in

ecological models —a topic that will be mentioned later.

)

The responses of ethologists to their logical and methodological

difficulties were exceedingly diverse

:

1. The original mainstream of effort was impeded and re-

duced but did not dry up completely. There were hopeful and

ingenuous attempts to redefine and refine the classic concepts

(see, for instance, Bastock et al., 1953; Hinde, 1954a and 1954b;

Morris, 1957; Blest, 1961). Some of these attempts may have

been helpful in minor ways, but I think that it would be fair to

say that they did not do very much to resolve the basic dilemma.

There was a push to render descriptions more precise, by adop-

tion of mathematical and pseudo-mathematical means of nota-

tion, often with an infusion of information theory and cybernetic

terminology, and by increased* use of improved photographic

and other kinds of recording equipment. Examples are too nu-

merous to cite, but many can be found in recent issues of the

journals "Behaviour" and "Animal Behaviour" and the bibli-

ographies of the general surveys of Hinde (1970), Eibl-Eibesfeldt

(1970), and Marler and Hamilton (1967). All too often, they

have merely told us what we already knew or assumed, at dis-

tressingly greater length and elaboration than we were prepared

to cope with.

2. Perhaps a more practical response was switching of atten-

tion to groups of animals and special problems that had been

neglected in earlier years. Several bends in the river or new
channels which are in some danger of becoming oxbows but are

at least picturesque. There has been a great deal of strictly

etholoarical work on a variety of "lower" mammals such as mar-

supials, rodents, and carnivores [e.g., Kaufmann, in press; Klei-

man, 1972; Leyhausen, 1956; Kruuk, 1972; Schaller, 1972;

Ewer, 1963, 1968, and 1973), and an enormous proliferation of

studies and surveys of primates {e.g., Altmann, 1967; Chance
and Jolly, 1970; Crook, 1970; DeVore, 1965; Dolhinow, 1972;

Imanishi and Altmann, 1965; Jay, 1968; Jolly, 1966 and 1972;

Kummer, 1968 and 1971; van Lawick-Goodall, 1971; Morris,

1967a; Movnihan, in press a; Fetter, 1962; Poirier, 1972; Rey-

nolds, 1968; Rosenblum and Cooper, 1968; Rowell, 1972;
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Schaller, 1963; Struhsaker, 1969). Many of these papers were
indirect reflections of a strong interest in human beha\ior, both
as it is and as it may be supposed to have been at some earlier

time in the Pliocene or Pleistocene; and there have also been
attempts to apply conventional ethological insights to some of the

urgent problems of modern man {e.g., Lorenz, 1963; Russell

and Russell, 1968; Morris, 1967b; Martin, 1972) with amusing
results (critics have tended to dismiss both the good and bad
suggestions and interpretations as impertinent sensu stricto, but

it may be hoped that some of them will eventually be incorp-

orated into the intellectual background of the well-informed

citizen )

.

The most fashionable of the special subjects has been what
might be broadly called "communication." Different aspects of

the subject ha\'e been tackled at many different levels and in

many different areas. There have been analyses of the various

ways in which information, true or false, can be transmitted

among individuals of the same or different species, and also of

the means by which transmission can be prevented or inter-

rupted. One of the aspects of interspecific communication that

has attracted investigation and speculation is mimicr\ , not onh'

the long known Batesian and Mullerian types but also aggressive

and social and e\'en more recondite forms. Relevant publications

include Brower et al. ( 1 960, and many other papers from the

same school); Rand (1967); Robinson (1969); Moynihan (in

press b), and an extensive discussion and summary in Wickler

(1968). The methods by which predators discover and recog-

nize prey, with or without the baffles of mimicry and crypsis,

have been studied by many workers. The papers of Robinson
and his collaborators {e.g., 1969, 1971a, 1971b) reveal some of

the factors that may corne into play. Research on intra-specific

communication has been primarily concerned with the e\en more
variegated "languages" used in more complex social situations

("social" in the ever\^ day sense of the term). It has involved

description, decipherment, and efforts to detect and formulate

the general rules, the "grammar and syntax," of a multiplicity

of signal systems. There have been sur\'eys and comparisons of

the signals of different groups of animals {e.g., Tembrock, 1959;

Lanyon and Tavolga, 1960; Busnel, 1963; Sebeok, 1968), some-

what abstract discussion of theorv {e.g., W. J. Smith, 1965 and

1969; Moynihan, 1970; Cullen, 1972; Mackay, 1972), and

detailed accounts of particular systems, ranging from the phero-

mones of insects {e.g., the work of E. O. Wilson and his col-
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leagues) through bird "song" {e.g-, Thorpe, 1961 ; Hinde, 1969)

to the non-\erbal movements and expressions of children and

adults in contemporary western and other human societies {e.g.,

Gofifman, 1971; Blurton Jones, 1967 and 1972; Argyle, 1972;

Eibl-Eibesfeldt, 1972). These studies may have implications for

related fields. They have, for instance, at least made available

to "real" linguists such as Chomsky, Lenneberg, etc., some useful

background material and evolutionary perspective.

3. However valuable such works may be, they would appear

to be di\Trsions from the classical behavioral point of view.

Most active students are proceeding, and probably will continue

for the foreseeable future, in one or the other of two different

directions, two new mainstreams. Those who are preoccupied

with immediate causes are going into physiology in earnest, lab-

oratory research on hormones, nerve cells, receptor organs, at the

deepest or lowest, even molecular, level. I cannot say anything

about this. Results are obviously flowing in, but the subject is

complex and not my major interest and I am not competent to

discuss it.

4. Ethologists who are more concerned with ultimate causes

are exploring connections or interfaces among behavior, ecology,

and evolution.

This has been my own preference. I may, therefore, be able

to illustrate sonle of the positive virtues and negative drawbacks
of the approach by citing particular cases from my own experi-

ence. In recent years, I have been engaged in observation and
analysis of three groups of animals, cephalopods. New World
primates, and passerine birds (and some "near passerines" such

as hummingbirds
) , in the field in natural or semi-natural condi-

tions.

Examples

1. I was attracted to cephalopods for several reasons. They
provide remarkable examples of evolutionary and ecological

convergence. Beginning with a molluscan body plan, they have

acquired large size, good eyes, large brains, and (in many spe-

cies) active and predatory habits. They have become similar to

many fishes and other aquatic vertebrates in these respects. (The
convergence is discussed at length in Packard, 1972.) They
have also evolved unique or peculiar characters such as distinc-

tive methods of buoyancy control, color changes, and jet pro-

pulsion. Combinations of some of these features have finally
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allowed them to invade the laboratory, to serv^e the neurophysi-

ologist. I would say, without being an expert, that some of the

operations of their central nervous systems and their handling of

visual information must be better known than the corresponding

processes of any other animals with the possible exception of

man. See, for instance. Young (1964 and 1972), Wells (1962),

and the many papers of Sutherland and his co-workers.

In these circumstances, it is noteworthy that the social be-

havior of cephalopods has not been studied in anything like the

detail that might, off-hand, have been expected. (There are

technical reasons for this comparative neglect. Most cephalopods

do not li\'e long in captivity and/or are difficult to follow in the

field.) Such work as has been done on the subject has been

une\'enly distributed. The great majority of living species of the

class can be assigned to one or the other of three diversified and
flourishing orders. Using the terminology of Jeletzky ( 1 966 )

,

these may be called Teuthida (including the squids), Sepiida

(cuttlefishes and their relatives), and Octopida (octopi and
argonauts ) . There are more or less lengthy published accounts

of the social behavior in the laboratory of the common European
cuttlefish. Sepia officinalis (L. Tinbergen, 1939; Holmes, 1940),

and the common octopus. Octopus vulgaris (e.g., Packard and
Sanders, 1971; Wells and Wells, 1972), but relatively little on
other species, only bits and pieces on some reactions of a few

other sepiids and octopi and several kinds of squids, mostly

Loligo spp., in the laboratory or in the field (see references in

Lane, 1957, and Moynihan, in press b).

I was delighted, therefore, to encounter a species of squid,

Sepioteuthis sepioidea, in the San Bias Island region of the At-

lantic coast of Panama which is quite unusually easy to observe

in the wild under natural conditions. Mr. Arcadio Rodaniche
and I seized the opportunity to look at its social behavior. We
have now been observing it at monthly intervals for over two
years.

The species occurs inshore in moderately or very shallow

waters over turtle grass and coral. It is often extremely abun-
dant. It is a true squid, but rather cuttlefish-like in shape,

adapted for "hovering," and much less rapidly or continuously

mobile than most other squids (see also Boycott, 1965). It is

both predator, eating small fishes and crustaceans, and prey,

being eaten by large fishes such as barracuda and snappers (and
perhaps many other animals, including birds, Brown Pelicans,

etc.). Individuals of the species tend to scatter singly or in pairs
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or trios to hunt more or less actively at night, but they congregate

in large groups in the daytime to wait for prey to come to them.

The daytime groups may be almost completely stationary for

long (several hour) periods. Even when they are less sluggish,

they tend to keep within rather small territories or home ranges.

Groups are easily habituated to the presence of human observers.

( In fact, one of the few technical problems of working with the

species is to keep from getting too close to retain perspective and

an overall view.) Individuals in groups are not shy about per-

forming a variety of elaborate social reactions, including the full

range of "courtship" and copulatory patterns, before human ob-

serv^ers. Thus, they have provided us with a superfluity of data.

What have been the results?

In one sense, they have been disappointingly conventional.

The social behavior of Sepioteuthis is essentially vertebrate-like

in basic articulation and organization. There do not seem to be

any general principles of molluscan behavior apart from those

shared by most other complex animals of other phyla. But this

squid does exhibit or illustrate a whole series of interesting special

adaptations which may be correlated with, causally related to,

one significant aspect of its ecology —and many of which may
also be characteristic of other cephalopods and for the same
reasons.

S. sepioidea populations are highly structured. Not only do
individuals repeatedly leave and rejoin groups, but even the

groups are formed of sub-groups which may be separate at some
times, with obvious hostility and territorial defense among them-

selves, yet completely integrated at other times. There also are

size and (presumably) age classes that assort themselves in par-

ticular spatial arrangements according to particular temporal

and physical circumstances. The system is both intricate and
flexible, apparently at least as much so as those of such mam-
malian carnivores as lions, African hunting dogs, and Spotted

Hyenas.

The system is mediated by signals, both ritualized (mostly

displays) and unritualized. As far as we can tell, all the signals

are visual. (Cephalopods seem to be deaf, and we did not

detect, see, any indications of the use of pheromones or other

means of olfactory communication.) The visual signals include

postures and movements and many color changes. The number
of ritualized patterns is quite high. The basic components of

the ritualized repertory may not be more numerous than the

corresponding elements in the repertories of certain birds and
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fishes (see Moynihan, 1970), but they can be combined and
recombined almost endlessly. It is not uncommon to see an
animal adopt two or three, even four or five, color patterns

simultaneously, each color on a particular part of the body,
while performing a series of movements, especially of the fins or

arms, in very rapid succession. The effect is Protean. A squid

is quite able to transmit a variety of different signals in difTerent

directions to difTerent recei\'ers, different kinds of onlookers, all

at nearly or completely the same times. As visual signal systems

go, the cephalopod versions must be unique in their combinations

of speed and diversity or multiplicity and perhaps efficiency.

Comparison of the known patterns of Sepioteuthis, Sepia,

Octopus, and some other cephalopods has revealed some sugges-

ti\'e similarities and contrasts. Some displays are very distinct,

obviously not homologous, in the different species. Others are

very similar. Some of these are relatively simple. They may well

have become ritualized independently in each of the phyletic

lines. But at least four major displays are both extremely com-
plex, exaggerated, and "unexpected," and yet strikingly similar

in many details (of causation and function as well as form) in

the \-arious species. These displays would appear to have be-

come ritualized before the lines diverged from one another. As
the divergence must have occurred well before the end of the

Mesozoic, perhaps most probably in the Late Triassic, the pat-

terns are not only old but also have been remarkably conservative

during evolution. To my knowledge, they ha\e been more con-

servative than any patterns of other groups so far recorded in the

literature. One of the reasons whv some or all of them have been
stable is apparent when they are compared with the other dis-

plays of the same species that have changed more considerably

or de\eloped more recently. The latter tend to be shown to only

a few individuals or types of individuals. The conservative sig-

nals, on the other hand, are designed to influence a great number
and di\ersity of receivers, different age, size, and sex classes of

the same species and/or individuals of other species, especially

potential predators. This may be a general rule, applicable to

most animals. All other things being equal, the more widely

reflected or broadcast a signal, the more conservative it will be,

the more narrowly reflected or broadcast, the more Ukely it is to

be changeable in evolutionary time.

The role of predation should be emphasized in connection
with cephalopods. There is good evidence (see Moynihan, in

press c) that several or many of the living members of the class
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are favorite prey of marine birds and mammals almost through-

out the seas and oceans of the world. They must, therefore, be

themselves enormously abundant in many areas. (Common as

it is, Sepioteuthis has a fairly restricted distribution in the tropical

Atlantic. Other squids must have larger populations. The total

numbers of cephalopods in any given area are difficult to esti-

mate precisely, as many species are nocturnal and most are diffi-

cult to catch with the traditional gear of marine biologists, but

the birds and mammals probably are more efficient collectors.)

There also is evidence that the enormous biomass of cephalopods

is di\ided among fewer "packets," i.e., species, than is that of

their nearest competitors, the marine fishes. This could be both

cause and consequence of their relatively greater attraction for

predators.

It may be assumed that many of the extinct cephalopods ex-

hibited some or all of the demographic and ecological charac-

teristics of their living relatives. If so, it seems likely that preda-

tion pressure could have been the major impulse for a series of

evolutionary events. Some of the probable steps can be listed

briefly and crudely. The ancestors of the majority of living

cephalopods presumably reduced, internalized, and in some cases

lost, their originally external shells to gain greater maneuverabil-

ity and powers of escape. This "freed" their skin for other uses,

including the elaboration of color change mechanisms. The de-

velopment of gregarious habits may well have been another

(even earlier?) anti-predator adaptation (Brock and Riff en-

burgh, 1960). The habit of living in groups puts a premium

upon the development of complex signal systems. For vulnerable

marine animals, a visual communication system has definite

adxantages. (Visual signals can be turned off instantaneously

whene\er necessary or desirable, unlike olfactory cues, and they

are perhaps less apt to be noticed at a distance by dangerous

receixers than are acoustic signals, especially in murky waters or

around reefs or vegetation. And, of course, short range signals

are perfectly adequate as long as the animals are close together.

)

Once the skin has become speciaHzed for color changes, it prob-

ably is not easily transformed for other purposes such as the

development of new kinds of armor or spines. This restricts the

choice of further anti-predator adaptations. It has already been

mentioned that whatever displays may have to be shown to

potential predators are conservative. As many or most of these

patterns are also used in intraspecific encounters, they may tend

to impede fundamental changes in the type, although certainly



10 BREVIORA No. 415

not the details, of the signal system as a whole. Other char-

acters of cephalopods such as their rapid growth, relatively short

life spans, special arrangements and care of eggs (see, for in-

stance, Packard, op. cit., and Wells, op. cit.), and even their

preference for reproducing only once in a lifetime, in "big bangs"

(Gadgil and Bossert, 1970), could also be explained as responses

to intense predation. (And the need to synchronize reproductive

moods in a hurry, without much time for trial and error, must

add another premium for both gregariousness and the elabora-

tion of signals.)

The series is an illustration of some of the ways in which

ecology and beha\dor can interact to determine the course of

evolution, each step opening up some possibilities and foreclosing

others.

2. The New World primates are a variegated family of mon-
keys of some 11 to 13 genera and many species. I have obser\ed

representatives of all the genera at irregular intervals over 15

years. Some species have been observed only in captivity, at the

field station on Barro Colorado Island and in zoos in \Vashing-

ton, London, Paris, and Amsterdam; but many others have been

studied at considerable length in the wild, in the central part of

the isthmus of Panama, to the west in the province of Chiriqui,

and to the south in the upper part of the Amazon basin, in the

Caqueta and Putumayo regions of Colombia.

For most biologists, the primary significance of the American

monkeys is that they represent a wide and independent adaptix^

radiation. They have occupied most of the habitats available to

primates. In this respect, they are more or less strictly equivalent

to the two other radiations of modern primates, the (Recent and

Pleistocene) lemuroids of Madagascar, and the so-called Old
World monkeys and apes, the "Catarrhini," of tropical Asia and

Africa and some adjacent areas, of which man is a specialized

offshoot. The New World forms may thus provide a useful

check to hypothesis and speculation about the evolution of pri-

mates in general and man in particular. I should also like to

claim that they are interesting in themselves.

They range from very small (the Pigmy Marmosets of the

genus or sub-genus Cebuella) to moderately large (the howlers,

Alouatta, and the spider monkeys, Ateles). They show a great

diversity of types of locomotion, from squirrel-like scrambling

and/or vertical clinging and leaping among the marmosets and
tamarins {Saguinus, Leontideus, Callirnico, and Callithrix in

addition to Cebuella), through quadrupedal "springing," walk-
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ing and pacing in such forms as Saimiri and Cebus, to brachia-

tion or semi-brachiation with the supplementary use of a pre-

hensile tail in Ateles. (The classification and details of locomo-

tion are discussed in Erikson, 1963, and Napier and Walker,

1967.) At least two species of Cebus, capucinus and apella,

come down to the ground with appreciable frequency. All or

most of the species of other genera are thoroughly arboreal. One
genus, Aotus, is nocturnal; the rest are diurnal. They all tend to

be nearly omnivorous on occasion ; but most of the smaller forms,

many of the tamarins and probably the marmosets of the genus

Callithrix, seem to prefer insects whenever they can get them,

while some of the larger forms are essentially herbivorous, taking

various assortments of fruits of particular kinds and ages, as well

as buds and leaves and even twigs and bark. At least one form,

Cebuella, has specialized in sap-sucking. (The sap-sucking is

described in Moynihan, in press d. The best general accounts of

more conventional feeding habits and regimes, unfortunately lim-

ited to the Panamanian species, are in Hladik and Hladik, 1969,

and Hladik ^^ fl/., 1971.)

In the course of my own studies, I have attempted to discover

and analyze the social behavior and structures of different spe-

cies and combinations of species, to determine how such com-

plexes are held together (or apart as the case may be), and to

identify some of the selective forces involved, to tie the observed

behavior to particular aspects of ecology. The results sum-

marized below are taken from Moynihan (in press a) ; this book

also lists references to papers and unpublished notes of other

workers.

Two extreme types of intraspecific social organization can be

recognized without much difficulty: the restricted "nuclear"

family group and the large band. The former seems to be the

basic social unit of Aotus, Callimico; two species of Callicebus,

moloch and torquatus; and, in some circumstances, Pithecia

monacha. Bands are characteristic of Pithecia melanocephala,

Alouatta villosa, Alouatta caraya, Lagothrix, Saimiri, and some
or all forms of Cebus and Ateles. As might be expected, there

are intermediate conditions, complications, and exceptions. One
type of intermediate is the "extended" family of some species of

Saguinus, e.g., juscicollis, graellsi, midas, and Cebuella and prob-

ably many other marmosets. Intermediates can also be flexible,

intermittent or recurring. Small families of some species may
join one another in some circumstances. It also is normal or

usual for neighboring small families of most species to perform
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certain responses, e.g., anti-predator reactions, in common. (This

is evidence that they do form a real social community.) Con-
versely, large bands may split up into smaller sub-groups tempo-
rarily, or reveal traces of sub-group organization within the

bands without actual splitting. This appears to be most common
in Saimiri and some form of Ateles. (The sub-groups are not

usually families but rather cephalopod-like age and sex classes.)

The adaptixe value of such variance is surprisingly obscure.

It seems to be characteristic of American monkevs that there is

little general correspondence between basic types of intraspecific

organization and either habitat or food preferences. There are

species that li\'e in bands and species that live in small family

groups among the primarily or exclusively vegetarian forms.

There also are both kinds of species, or at least forms that usually

live in bands and forms that live in extended family groups,

among the animals that prefer insect food when available. The
proportions of highly to poorly gregarious species and individuals

are much the same in many of the stages of succession from
young second-growth scrub to mature forest in many areas. Per-

haps even more remarkable, density of populations also appears

to be largely irrelevant in this connection (if not for other as-

pects of social behavior —̂see below). Both Callicebus moloch

and Saimira usually are abundant and concentrated where\'er

thev occur. Thev are concentrated in different v/avs, but the

average number of individuals per unit of time and area may be

high in both cases. Both Aotus and Cebus albijrons can be

described as dispersed. The albijrons occur in rather large bands,

but the bands themselves are scattered.

These facts would suggest that almost any type of social or-

ganization can permit or facilitate almost any kind of exploita-

tion of the environment within the range of niches occupied by

American monkeys at the present time. Presumably, because

most of them are more "generalists" than "specialists," they have

been able to choose among alternative strategies to achieve

similar ends.

Much more restricted are the modalities or techniques by
which particular social systems are maintained. The ritualized

signal systems of these animals are not only adaptive but are

quite obviously so, down to the finest details. They include vis-

ual, acoustic, olfactory, and tactile patterns (Moynihan, 1967).
Of these, the visual and acoustic seem to be usually most im-
portant. The basic elements, the deep structures, of the repertory

of sounds may be nearly identical in all species, with the possible
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or probable exception of Alouatta. It is not difficult to trace

homologies among most of the vocalizations of most of the spe-

cies, and much of the information encoded is almost uniform or

strictly equi\'alent throughout. The forms and frequencies of

particular patterns are, however, very different in different spe-

cies. The differences seem to depend upon the distances over

which sound usually need to be transmitted, the carrying proper-

ties of the medium (the numbers and kinds of obstructions likely

to be encountered
) , and the presence or absence of other possible

sources of relevant information, features of the external and/or

social circumstances and other types of signals. In fact, this

means that both the physical forms of the patterns and the

methods of encoding information are closely correlated with

social structure, density of population, activity rhythms, and

density of vegetation, as well as vulnerability to predation and

diversity of appropriate receivers. The ritualized visual signals

are more heterogeneous but equally easy to explain in terms of

the same factors.

Some New World primates are involved in, or are the foci of,

specialized and stereotyped interspecific social reactions. Such
reactions may take either positive or negative forms, "friendly"

joining and following or hostile fighting or avoidance. They may
occur among two or more species of monkeys and /or between

monkeys and other animals such as squirrels {Sciurus granat en-

sis, S. variegatoides, Microsciurus sp.), birds of prey such as

Harpagus bidentatus and Leucopternis albicollis (these small

hawks do not attack the monkeys themselves, but rather take the

arthropods, lizards, etc., flushed by them), and even flycatchers

{e.g., Myiozetetes, Tyrannulus, Lagatus, Elaenia, Megarynchus)

.

The combinations of positive and negative responses can be com-

plex, and the interspecific relations of a single species may be

different in different areas. It is possible, nevertheless, to detect

certain general rules or trends.

There are apparent correlations among interspecific bonds,

feeding habits, and territorial behavior. The monkeys that are

most likely to mingle with other species are forms such as Calli-

cebus moloch and Alouatta villosa. They are vegetarian, taking

items such as leaves, buds, and berries that are abundant and
evenly distributed, and have small territories or large territories

through which they move slowly. Individuals and groups of

these species seldom find themselves in situations with which they

are not thoroughly familiar or have not had time to inspect

carefully beforehand. Conversely, the establishment of friendly
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interspecific bonds is characteristic of such forms as Saimiri,

Cebus apella, and Ateles paniscus s.l. They are omnivorous or

preferentially insectivorous or feed on plant materials that are

dispersed or distributed in irregular clumps. They tend to have

large territories through which they move rapidly. They must be

precipitated into unfamiliar situations rather frequently. They
must also, therefore, have more need of extra companions of the

same or other species, to act as scouts or sentinels, than do spe-

cies of more sedentary or cautious habits.

On logical grounds, one would suppose that the various kinds

of interspecific social behavior should be adjusted to intensities of

competition^ as well as particular ecological facies. It would be

expected that species that do not compete at all, or compete as

little as may be feasible for animals that occur in the same areas,

would usually tend to ignore one another. There are many ap-

parent examples of such behavior among the New World pri-

mates. It would also be expected that species that compete verv'

strongly would tend to exclude one another from wide areas and
entire regions. Again there are apparent examples among the

American monkeys.

Presumably either of these extreme types of interspecific be-

havior can be transformed into the other in the course of time.

It would be interesting to know the intermediate stages. Data
from observations of the New World primates and their asso-

ciates would suggest that the following progression (quoted from
Moynihan, in press a) may be common as intensity of competi-
tion increases: "When competition becomes slightly more than
minimal, the species will tend to ignore one another in most
circumstances but will exhibit overt and active hostility toward
one another occasionally. (If it is only desirable or necessary to

drive off rivals infrequently, it may be worth taking the risk of

fighting. ) When competition is stronger, it may be advantageous
for the competitors to join up with one another. (If you can't

lick 'em . . .) When competition becomes stronger yet, it may
become imperative to avoid one another. First by a\'oiding per-

sonal encounters while still ranging over the same areas at much

'I am employing such terms as "complete" and "competition" in the

broadest possible sense. Two animals are considered to be competing with

one another whenever one preoccupies, permanently or temporarily, any

resource that would otherwise be likely to be used by the other. Among
primates and birds, competition for preferred observation posts, singing

perches, safe sleeping quarters, etc., may be quite as important as compe-

tition for food.
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the same times. Then by claiming exclusive territories or by

elaborating some form of temporal segregation. (Segregation by

differential timing may have peculiar advantages, but it can only

work when the species involved are not too numerous.) From

the claiming of exclusive territories, there may be no more than

a small step to complete allopatry. It seems very probable that

the process can also go in the opposite direction, through the

same stages but in reverse order, and that the direction of

change can be reversed repeatedly, with or without reaching the

extreme conditions at either end."

3. Most of my recent work on birds has been conducted in the

Andes.

The higher reaches of these mountains provide a wealth of

material for students of biogeography. They include a large

series of habitats and biotas that differ from those of the sur-

rounding lowlands in several respects {e.g., temperature, endemic

species). The northern part of the Andes is extremely complex

in structure, with separate cordilleras, chains of mountains, and

a scattering of single peaks and massifs. The central and south-

ern parts are simpler, more unified in general or overall form,

but still varied in details of terrain and cHmate. As a result,

many of the higher altitude habitats and biotas are distributed

in patches, partly or wholly isolated from one another. They

are essentially ijisular. They differ from oceanic islands, how-

ever, in not being impoverished. The higher Andes have "com-

plete" or "balanced" floras and faunas. They are inhabited by

many kinds of organisms which have occupied most of the

obvious niches or ecological roles, exploited most of the available

opportunities. They are, therefore, ideal for analyses of some

aspects of insular evolution. The effects of isolation and adapta-

tions to facilitate or impede invasions can be studied per se,

quite apart from the possible distortions of "accidental" barriers

or "sweepstake" phenomena.

I have concentrated upon interspecific behavior among two

groups of species of a particular "life zone." Observations were

begun in 1959 and have continued off and on until the present.

The results are being analyzed and written up. Many details

remain to be settled, but the general sense of the bulk of the

data is clear.

The life zone is the one that Chapman (1917 and 1926)

called "humid temperate." The term is perhaps misleading —
"cold humid tropical" might be more suitable (see comments in

Moynihan, 1971). The zone is best developed around 2800-
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3300 m in most areas. Its natural \egetation would be more or

less dense forest and "alpine" scrub (Weber, 1969). Some of

this survi\es apparently intact. The rest has been replaced by

secondary bush, gardens, hedges, crop fields, pastures, etc. For-

tunately, substantial numbers of the native birds have been able

to occupy and even flourish in some (the lusher) of these man-

made habitats. They are still easily observable. The distribution

of the zone is eccentric within the Andes. It must cover almost

the whole of the northern Andes at appropriate elevations, i.e.,

it is scattered among islands, most of which are small, a few of

which are large but long and narrow. It is much broader and

more nearly continuous in the central Andes, in all or most of

central Ecuador and northern Peru. It becomes progressi\'ely

narrower toward the south, even though the Andes themselves

remain broad. The apparent discrepancy is due both to the relief

of the mountains and the nature of the prevailing wind systems

(briefly summarized in Murphy, 1936). Rain falls off at an

unequal rate. The principal southern extension of the zone is

along the eastern slope of the chain, down into central Bolivia.

It is dissected by the deep valleys of rivers flowing to the Ama-
zon. In effect, the southern extremities are a series of narrowly

linked narrow peninsulas.

My own observations have ranged from the Sierra de Merida
in Venezuela and the Sierra Nevada de Santa Marta in northern

Colombia down through central and southern Colombia, Ecua-

dor, and Peru to northern Bolivia, the Yungas of La Paz, at

altitudes between 2400 and 3700 m. This is nearly the full

length of the cold humid tropical zone, with the addition of

some fringe areas of adjacent zones.

One of the groups of species studied could be called the

''Diglossa cluster." It includes six species or superspecies of the

genus, flower-piercers, which may be called carbonaria, lafres-

nayei, albilatera, baritula, cyanea, and coerulescens (this is the

nomenclautre and classification of Zimmer, 1929; HeUmayr,
1935; and de Schauensee, 1970 —Vuilleumier, 1969, suggests

a slightly different arrangement, and other refinements are con-

ceivable), as well as the conebill Conirostrum cinereum and

some hummingbirds such as Colibri coruscans, Aglaeactes cupri-

pennis, and Ramphoynicron microrhynchufn. All these birds are

nectarivorous to a greater or lesser extent.

The other group includes many more species of different sub-

families, families, and at least one more order. For want of a

better name, I shall call it the "tanager cluster." It includes a
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variety of closely related montane tanagers, mostly black and

blue with touches of yellow, buff, or red, of such genera as

Anisognathus, Buthraupis, and Iridosornis (and also the "Plush-

capped Finch," Catamhlyrhynchus, hardly distinguishable from

Iridosornis in appearance or habitus in the field^) ; other tanagers

of rather different stocks [e.g., Chlorospingus, Cnemoscopus,

Hemispingus, Chlorornis) ; finches of the genus Atlapetes; some

other conebills (especially Conirostrum sitticolor —see Moyni-

han, 1968) ; warblers of the very different genera Myioborus and

Basileuterus'- ; a few flycatchers {e.g., Uromyias and Megacer-

cuius spp.); the occasional hummingbird {e.g., Ensifera and

Coeligena) ; a few woodpeckers [e.g., Piculus rivolii in Vene-

zuela) ; and many furnariids and dendrocolaptids [Margarornis,

Synallaxis, Cranioleuca, etc.). And at least one squirrel in the

western cordillera of Colombia [Sciurus granatensis again!).

The association includes frugivores (different species taking dif-

ferent fruits ) , insectivores ( catching different insects in different

ways), a new nectarivores, and many types with very mixed

diets. Different species also prefer different levels of vegetation,

from the highest tree-tops down to the ground.

The chief peculiarity of both clusters, the one that drew my
attention, is that their members show pronounced intraspecific

geographic variation in their interspecific behavior. More pre-

cisely, individuals of a single species or superspecies react very

differently to individuals of other species in different regions

(often the same other species in each of the regions). The vari-

ation affects different types of interspecific behavior in the two

clusters, hostility in the Diglossa association and "friendliness"

in the tanager association, but the trends are roughly parallel in

both, although inverse and complicated by certain exceptions.

The exceptions themselves are sometimes revealing.

The situation is roughly as follows

:

^The classification of the "New World nine-primaried songbirds" is in

need of further revision. Some of the supposed families and subfamilies of

the group appear to be polyphyletic in origin. Some of the genera cmrently

assigned to one family may be more closely related, phylogenetically, to some

of the genera assigned to other families than to other genera assigned to the

same family. Terms such as "warbler," "tanager," and "finch" are little more

than short-hand descriptive labels for certain ecological categories.

^In the case of these Andean birds, it seems probable that a revised scheme

would place the Plush-capped Finch in the same tribe as the tanagers it so

much resembles, and also link Basileuterus to Hemispingus rather than to

Myioborus.
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Many members of the tanager cluster extend throughout all or

most of the cold humid tropical zone. All show tendencies to

form or join mixed species flocks in some areas and regions (this

is the prescriptive reason why they have been assigned to the

cluster). In general, individuals of the same species behave in

similar ways in the northern and southern extremities of the zone,

but very differently in the central part. They show a high degree

of interspecific gregariousness in the western and central Cordil-

leras of Colombia (the western cordillera is alwavs extremely

northern, "far out," in the behavior of its inhabitants —see also

below). In these regions, the birds occur in mixed flocks most
of the time, and most of the flocks are large, cohesive, complex
in structure, and stable (maintained for hours on end and often

re-formed on successive days). In the eastern cordillera of Co-
lombia and the Sierra de Merida, the birds still show a con-

siderable amount of interspecific gregariousness, but mixed flocks

are formed somewhat less frequently and tend to be smaller,

looser, and simpler in structure on the average (the decline may
be more evident in the eastern cordillera than in Venezuela )

.

In central Ecuador and central and northern Peru, interspecific

gregariousness is slight. In fact, quite absent in some localities.

Even when and where mixed flocks are formed, they are always

small and simple, and usually loose and sustained for only a few
minutes. The trend is reversed in southern Peru and northern

Bolivia. Mixed flocks become larger, more stable, cohesive, and
complex again ( rather more so in Bolivia than in Peru, but never

as much so as in the western cordillera of Colombia )

.

It is obvious that the development of flocking depends upon
several factors. There are positive correlations among densities

of populations, thickness of vegetation, and frequency and elab-

oration of interspecific gregariousness within regions. But these

cannot account for the whole of the major geographic trends.

They do not explain the exceptions. There must be something
else involved. This would appear to be an "invasion" or "fron-

tier" effect. Interspecific gregariousness seems to go up with

exposure to, or anticipated number of, invasions from or into

other regions of the same life zone or an adjacent zone, the warm
or hot humid zone of lower elevations.

The western cordillera of Colombia is the least continuous of

the major chains of the Andes. Its patches of cold humid habi-

tats are comparatively small. The populations of these small

islands must include a relatively very high proportion of indi-

viduals near the frontiers of their patches and a low proportion
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of individuals at the centers of patches, away from the frontiers.

The same must be true of the populations of the narrow penin-

sulas of the zone in the far south. Birds on the frontiers must
encounter strays from other zones and stray into other zones more
often than do birds from the centers. It would seem that this is

one of the causes of interspecific gregariousness. The evidence

is somewhat restricted, but I think convincing. In central Ecua-
dor, I worked along one transect from the top edge of cold

humid forest and scrub down into the upper reaches of warm
humid forest. Interspecific gregariousness is essentially nil in the

higher part of the cold humid zone, but increases abruptly at

the exact point where occasional strays from the warmer zone

begin to appear with some appreciable, if still low, frequency.

(The increase is "intrinsic." It is always apparent, whether or

not strays are present at the moment.) The remarkably high

degree of gregariousness of the birds of the central cordillera of

Colombia, higher than would be expected of its not particularly

northern or isolated position, may also be correlated with the fact

that it is exposed to invasions from the nearby chains on either

side as well as from the immediately adjacent lowlands.

What is the functional significance of this apparent connection

of interspecific gregariousness with frontiers, strays, and inva-

sions? The advantages of mixed flocking from the point of view
of a straying bird in an unfamiliar area are obvious, and much
the same as in the monkeys cited above. By associating with

experienced local individuals, a stray may be able to discover

and identify food and/or danger relatively rapidly. The ad-

vantages for the "hosts" of a stranger are more problematical.

Of course, they are acquiring a companion who may be of use

in various ways. They are also encouraging or tolerating a com-
petitor. Perhaps one of the reasons that they do so is that they

may become strangers in their turns. Some of them must also

stray into adjacent life zones, where they will also need the help

of local inhabitants. It may be diflficult for an animal to join and
follow strangers without also developing some tendency to allow

itself to be joined and followed by strangers. (The roles of joiner

and joined are easily distinguishable in some areas such as parts

of Panama—see, for instance, Moynihan, 1962a —but they

are less clearly distinct in these Andean flocks. In any case, both

roles often reflect similar states of mind.) It seems to be char-

acteristic of most animals that they cannot, at least do not, sup-

port very great qualitative differences in kind of social responses.

A species that is comparatively aggressive in one class of social
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encounters also tends to be aggressive in other encounters. Sim-

ilarly, a species that is gregarious in some circumstances usually

tends to be gregarious in other circumstances.

This "extrapolation" may have been favored in Andean birds

because the boundaries of their life zones have been fluctuating,

repeatedly shifting back and forth in recent geological histor\'

(see Simpson-Vuilleumier, 1971 ). Many of the birds of the cold

humid zone must have had to invade new areas, and cope with

invaders from other areas, again and again in response to secular

climatic changes, quite apart from or in addition to the normal

stravinsf that would have occurred even if the frontiers had been

fixed and permanent.

The species of the Diglossa cluster show another contrast be-

tween individuals of the central part of the cold humid zone and
those of the northern and southern extremities of the zone. Some
aspects of their interactions in central Ecuador have been de-

scribed in Moynihan (1963). Each of the local species has its

own, partly unique, series of ecological preferences, but the

ranges of most species are broadly overlapping. The territories

of indi\'iduals of different species are often completely overlap-

ping. Indi\iduals of different species may use the same perches,

move along the same pathways, feed in the same places on the

same types of foods. But they almost never do so simultaneously.

They are almost always kept a few meters apart, at any gi\'en

instant of time, by some avoidance mechanisms. There is also

mutual inhibition of "Song" among individuals of different

species of Diglossa and Conirostrum cinereum, although not

among individuals of the same species. The whole thing can be

summed up as rigid and continuous social segregation. In the

western cordillera of Colombia and in northern Bolivia, on the

other hand, many of the species are separated microgeographi-

cally, each largely or completely confined to a particular facies

of habitat slightly different from the facies of all or most of the

others. This may be due to fighting. On the rare occasions when
individuals of different species that are usually separated do

happen to come together, they usually fight, actually attack, one

another. There is no visible avoidance mechanism. Thus, the

microgreographical segregation may be encouraged or imposed

by reactions among individuals but it is not continuously social

in the same wav as in central Ecuador. Conditions are more or

less intermediate in the Sierra de Merida, the eastern and central

Cordilleras of Colombia, and many areas of Peru, with all com-
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binations of partial overlaps, incomplete avoidance and inhibi-

tion, and more frequent and prolonged overt disputing.

The variations of the birds of the Diglossa cluster are also

correlated with factors such as density of vegetation and inter-

specific competition. They do not, however, include frontier

effects. They would seem to be more concerned with size of local

populations and competition within regions rather than invasions

by strays from without {Diglossa individuals are very sedentary).

Indi\iduals of the small northern and southern populations may
hope to fight off all or most of their not very numerous com-

petitors with relative ease. Individuals of the larger central pop-

ulation probably could not fight off their more numerous com-

petitors without exhausting themselves in the process or taking

unacceptable risks of physical injury.

It will be noticed that different adaptations for coping with

interspecific competition may tend to produce different diversity

gradients in the two assciations. In the Diglossa cluster, species

dixersity at any given point is least at the extremities and prob-

ablv CTeatest at the center of the cold humid zone. In the

tanager cluster, species diversity must often be greatest at par-

ticular points in the extremities and least at the center.

Comments

The sorts of work cited above are perhaps typical of a con-

temporary approach to ethology. I should hope that they would

suggest certain conclusions about studies of behavior and the

relationships of such studies to analyses of evolutionary processes.

Beginning with the purely ethological aspects, it seems evident

that causation is the crucial problem. Studies of ultimate causes,

natural selection, seem to be proceeding fairly well. At least,

there are no theoretical or basic methodological difficulties in-

volved. Studies of proximate causes, physiology, may also be

making progress, perhaps more rapid and exciting progress. But
there is very little contact between the two lines of investigation,

least of all when vertebrates provide the working material.

Doubtless, there will be a new and sophisticated synthesis of the

two approaches at some date in the future. I do not expect to

see it in my own (research) life time. I should also imagine

that, when it comes, it will be largely due to an expansion of

concern and efforts by physiologists. They would seem to be in

a better practical position to develop the necessary techniques

than are the field-oriented "natural historians."
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Meanwhile, there is still a lot that the ethologist can do for

for the evolutionist.

Beha\'ioral information can help to illuminate the evolution of

particular groups of animals. They have, for instance, increased

our knowledge of the phylogenies of many vertebrates such as

ducks and geese (Lorenz, 1941; Delacour and Mayr, 1945;

Johnsgard, 1965), gulls and terns and their relatives {e.g.,

Moynihan, 1962b), and cichlid fishes [e.g., Baerends and Baer-

ends, op. cit.). As taxonomic characters, however, behavior

patterns are no more and no less valuable than any other char-

acters. They may be more useful in some cases than in others,

more useful than other features in some groups, less useful in

other groups. They should continue to be considered, to be taken

fully into account, in systematic studies. But I would suggest that

they can make a more significant contribution to the analysis of

evolution by providing concrete, immediate, information to help

explain certain ecological phenomena, developments, and inter-

actions which are themselves among the causes of evolutionary

changes.

A substantial proportion of current and recent ecological re-

search has been devoted to such matters as competition, co-

existence, partitioning of resources, invasions of new areas and
habitats, replacement, and extinction (see the works of Hutchin-
son, MacArthur, Wilson, and others). There has been a stimu-

lating sequence of papers with models and diagrams, mathe-
matical formulae and other elaborations of symbolic logic, to

describe and summarize the results of interactions among indi-

viduals and species at present, as they probably were in the past,

and as they may be expected to be in the future and always.

What seems to me to have been lacking in many or most of these

discussions is attention to some of the details of the ongoing
processes as well as their end products, how and why they actu-

ally work in fact and in nature, the mechanics by which the final

results are achieved. A great many questions have been left

hanging in air. What do individuals of the same or different

species really do when they come face-to-face with one another?
Or when they occur in the same areas without necessarily en-

countering one another directly? What are the forms of compe-
tition? Who moves where, and why and when? How are spe-

cific resources found, used, preoccupied, defended? What are

the relevant clues? How does replacement occur on a day-to-

day or year-to-year time scale? What are the adaptations which
permit or facilitate supplants and invasions? How are these
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adaptations used in life and why are they effective? Why are

some adaptations more effective than others that could have

been used instead? Is there any consistent relation between size

of area inhabited and probabiUty of success? Are there some
species that are really specialists in competition? If so, why?
And how do they manage it?

These are the kinds of questions which behaviorists should be

able to answer, in whole or in part. I think that many behavior-

ists are trying to find the answers now. I hope and expect that

they will continue to do so.
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When Professor Crompton invited me to give a short after-

dinner address on the occasion of the opening of the wing, he

added that he wanted to publish it. This posed a challenge to

me to come up with something that is worth being printed.

However, I consider this invitation less of a challenge than a

welcome opportunity to present some thoughts on museums and
their role in science.

The speakers this afternoon have rightly emphasized that the

opening of the Museum's laboratory wing is a milestone in the

history of the MCZ. It is an occasion to look back to the days

of its founding and an occasion to look forward to its future.

It is also an occasion to ask some searching questions. For

instance, someone unacquainted with biology and intolerant of

anything but his own hobbyhorse, might ask, "Why do we still

need natural history museums?" Such a question is quite legiti-

mate, for I am a strong believer in the principle that the

legitimacy and continuing value of traditional rituals and insti-

tutions should be challenged from time to time. How, then,

would we answer this question?

The role of museums in science, and their image in our so-

ciety, is changing from decade to decade. When natural history

was revived during the Renaissance and during the 17th and
18th centuries, it expressed at first man's wonder and bewilder-

ment at the enormous variety of life. This "diversity of nature"

has been a key concept in man's world picture from the days

when the Lord told Adam to give names to all the creatures in

the field to the present day when species diversity is one of the

central themes in the work of the ecologists.

The rich treasures brought back from exotic countries in the

18th and 19th centuries by voyages and expeditions, combined

.--*



2 BREVIORA No. 416

with the steady rise of a more and more scientific attitude in

Western man, resulted in a changed concept of organic diversity.

No longer was it merely a source of wonder but naturalists

began to raise questions concerning the reasons for the existence

of so many and such strange organisms and about the meaning
of their peculiar distribution in Asia, Africa, the Americas, and
Australia.

I am not claiming that naturalists were always interested only

in the most lofty generalizations because there was hardly a

naturalist who was not also infected by that strange virus called

the collector's fever. Perhaps no one was more affected by this

disease than the founder of the MCZ, Louis Agassiz, who cheer-

fully pawned ever\thing he owned in order to acquire more
specimens. Indeed, it is said that only a few decades ago this

Museum still had unopened boxes of collections from Louis

Agassiz's days.

These collections, however, were not merely the useless gather-

ings of pack rats. It was their study which helped bring about
a conceptual revolution —the establishment by Darwin of the

theory of evolution, to a considerable extent based on Darwin's

own researches during the voyage of the "Beagle" and the sub-

sequent working out of his collections. And the proposal of the

theory of evolution was only one of several such conceptual

revolutions in the history of natural history.

The diversity of nature has been considered, ever since Dar-
win, a documentation of the course of evolution. Research in

the pathway of evolution indeed turned out to be an incredibly

rich gold mine. And it was the museums that established and
maintained leadership in this type of research. The historians of

biology have clearly determined that the crucial advances in the

modern interpretation of species, of the process of speciation, and
of the problems of adaptation were made by systematists.

One of the greatest conceptual revolutions in biology, the

replacement of essentialism by population thinking, was intro-

duced into biology by museum systematists. From systematics

it was brought into genetics by workers like Chetverikov, Timo-
feeff-Ressovsky, Dobzhansky, Sumner, and Edgar Anderson, all

of whom had either been trained as systematists or had worked
closely with systematists.

Again and again the students in special branches of biology

such as biogeography have gone back to systematics for material

and for novel ideas.

The speakers this afternoon have documented sufficiently how
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important museums and systematics are. But this raises another

question, which is: "Why is systematics so important?" And this

leads right on to the further question of the position of syste-

matics in biology as a whole. I pointed out a dozen years ago

that, in spite of all of its unitary characteristics, biology really

has two major divisions; indeed, one can speak of two biologies.

In the first one, functional biology, "How?" questions are the

important ones. This is the biology that deals with physiological

mechanisms, developmental mechanisms, metabolic pathways,

and with the chemical and physical basis of all aspects of life.

To use modern technical language, this part of biology ultimately

deals both with the translation (decoding) of genetic programs

into components of the phenotype and with their subsequent

functioning. This type of biology played a decisive role in dis-

proving conclusively all vitalistic notions and in establishing firmly

that nothing happens in organisms that is in conflict with the

laws of chemistry and physics. This is the biology which inter-

prets all cellular and developmental processes, both the normal

ones and such abnormal ones as the origin of cancer.

The other biology is interested in the genetic programs them-

selves, dealing with their origin and evolutionary change. It

continuously asks "Why?" questions, for instance:

Why is there such a diversity of animal and plant life?

Why are there two sexes in most species of organisms?

Why is the old faunal element of South America seemingly

related to that of Africa while the new one is related to that of

North America?
Why are the faunas of some areas rich in species and those of

others poor?

Why are certain organisms very similar to each other, while

others are utterly different?

In the last analysis, all questions in this part of biology are

evolutionary questions, and museum-based collections are ulti-

mately needed to find the facts for posing and answering all of

these questions.

At this point some of the more perceptive members of this

audience will think that I have painted myself into a corner.

Why, they will say, do you need a laboratory wing when the

method of systematic and evolutionary biology is the comparative

method, based on observations? Why do you have to perform

experiments?

The explanation for the seeming contradiction is that I have

told only part of the story. Systematics, as it was defined by
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G. G. Simpson, "is the scientific study of the kinds and diversity

of organisms and of any and all relationships among them.''

This definition has two consequences: First, it means that

the systematist also must ask "How?" questions, like "How do
species multiply?" or "How does an evolutionary line acquire

new adaptations?", or "How did the phyletic line leading to

Man emerge from the anthropoid condition?".

All these evolutionary questions deal with the historv' of

changes, and, most importantly, with the causation of changes.

Translated into Darwinian language, each of the questions I

have just posed can also be stated in the following terms:

"What were the selection pressures responsible for causing the

stated evolutionary changes?"

Not only is it often necessary to make use of experiments to

answer this type of question, but, more importantly, many of

such questions cannot be answered —or at least not completely
—simply by the study of preserved material.

Since the investigation of diversity includes the study of rela-

tionships, organisms must be studied alive and in the field. In

the last 150 years there has hardly been an outstanding sys-

tematist Vv^ho was not, at the same time, an outstanding field

naturalist, and who could not have been called, with equal

justification, an ecologist or a student of behavior. This is, by
no means, a recent development. Re-reading recently Louis

Agassiz's "Essay on Classification," published in 1857, I was
astonished to find what stress he placed on the study of the

"habits of animals," as he put it.

"Without a thorough knowledge of the habits of animals,"

he said, "it will never be possible to determine what species are

and what not." Today we would call this a biological species

concept. He goes on to say that we want to find out ''how far

animals related by their structure are similar in their habits, and
how far these habits are the expression of their structure." He
continues, "How interesting would be a comparative study of

the mode of life of closely allied species." Indeed, Agassiz pro-

poses a program of study which is virtually identical with that

of the founders of ethology more than 50 years later: "The more
I learn about the resemblances between species of the same
genus and of the same family . . . the more am I struck with the

similarity in the very movements, the general habits, and even in

the intonation of the voices of animals belonging to the same
family ... a minute study of these habits, of these mo\ements.
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of the \oice of animals cannot fail, therefore, to throw additional

light upon their affinities."

An interest in the behavior of animals is still a tradition in

the MCZ, more than 100 years later. Half of my Ph.D. students

in the last 20 years, for example, did their theses on problems of

beha\ior. One of the outstanding characteristics of the so-called

new systematics is the concern with the attributes of the living

animal. Variation, adaptation, speciation, and evolutionary

change cannot be fully understood unless the field work is sup-

plemented by experimental research in population genetics, the

analysis of protein and chromosomal variation in populations,

the study of the relations between adaptation and functional

morphology, to give merely a few examples. Laboratories for

such studies are a major component of the new wing. Environ-

mental physiology, another aspect of animal adaptation of great

interest to the evolutionist, is being studied at the Countway

Laboratories of the Concord Field Station.

The outside world has been largely oblivious to these develop-

ments and, I am sorry to say, unfortunately so have also many
svstematists. For the modern svstematist, however, all this seems

to be a perfectly natural development. Anyone who has read

books Hke Huxley's New Systematics (1940) or my own Sys-

tematics and the Origin of Species (1942) knows to what an

extent all these mentioned activities have been part of systematics

for at least 30 years. The new wing gives us an opportunity to

help correct the false image about museums which is still widely

held, and replace it by the new concept, the beginnings of which

were already outlined by Louis Agassiz 1 1 6 years ago.

The new wing signals to the outside world that the MCZ
is not merely a repository of collections but a biological research

institute that differs from the other laboratories in the Biological

Laboratories only in the nature of the subject matter. While

the emphasis in much of the Biological Laboratories is on cells

and the molecular constituents of cells, the major emphasis in

the MCZis on the whole organism, on the diversity of organisms

and on their evolution. Since closest contact between the two

groups of investigators is of the utmost mutual benefit to both of

them, the organization of the Department of Biology was modi-

fied in recent years in order to integrate the staffs of the two

groups. Research and teaching are the objectives of both of

them.

In this day and age science is no longer conducted merely for

its own sake. Science is no longer the tenant of an ivory-tower.
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Without wanting to minimize in any way the indispensabihty of

basic science, we now realize that the scientist also has social

obligations. When optimistically inclined he will say that he is

helping to build a better world; when pessimistically inclined

he will say he is trying to prevent a further deterioration of this

world.

But he cannot do this unless he has a sound understanding of

Man and of the world in which he lives. And it is precisely the

study of diversity and of evolutionary history which has made a

major contribution toward the development of a new image of

Man.
In the pre-Darwinian literature, and also, in much of certain

types of contemporar)^ literature, man is conceived as a static

being, created within an equally static nature that is subservient

to him. Ever since Darwin this concept has increasingly been

replaced by a new image, an image of an evolved and still

evolving man, part of the evolutionar)' stream of the whole living

world. And this new image, the direct product of evolutionary

and natural history studies, is of critical importance, not only

for our personal concept of the world in which we live, but also

for such quite practical issues as man's relation to the environ-

ment, to the natural resources, and indeed even to the inter-

action among men.

It is about time we realize that the future of mankind is not

something "written in the stars," something controlled by ex-

ternal forces, but that it is we humans ourselves who hold the

fate of our species in our hands. Wenow have a fairly good idea

what the major ills of mankind are and it has become quite

clear that only a few of them are susceptible to purely techno-

logical solutions. Instead, most of them are of a beha\'ioral-

sociological nature and require a change in our value systems,

a change one is not likely to accept unless one has a far better

understanding of nature, of the dynamics of populations, of the

biological basis of behavior, and of other components of the

biology of organisms, than most of those have who are responsi-

ble for policy decisions.

It will require a deeper understanding of the mentioned prob-

lems and it will require massive education based on the findings

that emerge from the type of researches that we are planning.

During the planning of the wing we sometimes referred to it as

a new "center for environmental and behavioral biology." Al-

though this title was not officially adopted, it is indeed an apt
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description of the focus of attention of the investigators in our

new facihty.

There may be some who have not kept up with recent devel-

opments in biology and who might consider it far-fetched to

claim that the mentioned problems fall within the area of

interest of systematics. And yet with systematics defined as the

science of biological diversity and with the organism defined as

something living and not merely a preserved specimen, a solid

chain of links is formed from the systematics of Linnaeus through

that of a Louis Agassiz to that of the modern evolutionary sys-

tematist and population biologist.

I add my vote of thanks to those who have made the creation

of this new center of environmental and behavioral biology pos-

sible. I predict that it will have an impact on our knowledge

and our thinking that will reach to the far corners of the earth.
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Abstract. A new species of Cyrtodactylus from New Guinea is described.

The type locality is Derongo at an altitude of 1300 feet on the Alice River

tributary system to the upper Fly River, in western Papua, New Guinea.

A key to the species of Cyrtodactylus which have been recorded from New
Guinea is also provided (see de Rooij, 1915, for descriptions of most of the

species) .

Introduction

Of the nine species of Cyrtodactylus previously recorded from

New Guinea, known ranges of at least two (C. sermowaiensis

and vankampeni) are restricted to one or two localities. The
species described in the present paper may also exhibit a limited

range, for although the junior author has collected extensively

in papuan New Guinea for several years, no specimens have

been collected thus far outside of the type locality in the head-

waters of the Fly River.

Inger (1958) calls attention to the usefulness of the pattern of

the enlarged scales in the preanal region and on the under sur-

face of the thighs as characteristics for distinguishing species of

Cyrtodactylus, and uses it in the key to the species from the

Philippines and Borneo. We have found these characters sim-

^Califomia Academy of Sciences and Menlo College, Menlo Park, California

94025

^P.O. Box 52, Daru, Papua, New Guinea
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ilarly useful in separating most of the New Guinea species. We
have not had the opportunity to examine specimens of C. novae-

guineae.

Cyrtodactylus derongo new species

Holotype. Museum of Comparative Zoology Rl 26205, an
adult female, collected by Fred Parker in the Derongo area at

an ele\'ation of 1300 feet, Alice River system, tributary to the

upper Fly River, Papua, New Guinea, 8 April 1969.

Paratypes. Museum of Comparative Zoologv Rl 26203,
126204,' and 126206, Papua New Guinea Museum R995, and
American Museum of Natural Historv 103910, same data as the

holotype.

Diagnosis. A Cyrtodactylus with small scales on postero-

ventral surface of thighs meeting the enlarged scales of antero-

ventral surface at a sharp boundary; the rows of enlarged

femoral scales forming a continuous series with preanal rows;

enlarged preanal scales posterior to the pore series absent; dorsal

ground color dark brown with very faint darker blotches en-

closing irregular rows of large, white tubercles ( Fig. 1 )

.

Description. A moderately large Cyrtodactylus; four adult

females measure 105-112 mmsnout-vent length, one specimen

81 mmin snout-vent length is immature; head about one and
one-half times its breadth; eye, large, its diameter about one-

third of the length of the head and about equal to its distance

from, the nostril; diameter of ear opening less than half its dis-

tance from the eye; head covered with granules, very small

posteriorly and somewhat larger anteriorly; scattered, moderate-

sized, pointed tubercles as far anterior as the interorbital region

;

rostral large, rectangular, its breadth about 60 percent of its

length, nostril bordered by the rostral, supranasal, first labial

and 3 small shields; upper labials 11 or 12; lower labials 1 1 to

13; supranasals large, separated by 1 or 2 scales; one large pair

of postmcntals in contact posteriorly for about half their length;

distinct lateral fold lacking, but its normal position marked by a

row of flattish tubercles separated from one another by several

smaller scales; in the mid-body region, 20 irregular lines of dorsal

tubercles between the aforementioned rows of flattish scales; 15

to 1 8 rows in the axillary region ; some of the tubercles are white

and tend to form widely separated irregular transverse lines, 8

to 10 between the nape and the hind limbs; undersurface of
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Figure 1. Dorsal view of Cyrtodactylus derongo, MCZ126205, type specimen.
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head with small granules; venter with about 46 to 48 rows of

scales at the mid-body between the ventrolateral rows of tuber-

cles, small and granular laterally, but merging gradually with

the large cycloid scales of the mid-venter; the large preanal-pore

scales in a \'ery shallow "/\" continuous with a row of femoral-

pore scales that are gradually reduced in size along the femur;

those anterior to the pore row somewhat enlarged, flattish scales

on both the thighs and the preanal region, the latter merging with

those of the \enter; posteriorly the pore series is met abruptly by
small granular scales in both the preanal and femoral regions;

24 to 26 rows of lamellae and scales beneath the fourth toe;

tail only slightly depressed, with square or rectangular plates

toe; tail only slightly depressed, with square or rectangular plates

on the \entral surface and with everv fourth or fifth scale dis-

tinctlv enlar2:ed.

Snout-\'ent length of holotype 105 mm.
Color

(
in preservative

)

. The dorsum is dark reddish brown
with 9 or 1 very faint series of darker blotches each enclosing

two to several large white tubercles; the latter tend to form very

irregular, widely separated, transverse rows; in the inter\'ening

areas the tubercles are dark or have a faint whitish tip; scat-

tered white tubercles also occur on the posterior part of the head,

the dorsal surfaces of the limbs and the base of the tail; venter

lighter brown, most dilute on the head and throat, each scale

marked by a xarying number of small brown spots and flecks.

In life, the dorsal ground color is dark purplish brown; the

venter is paler and more translucent. The iris is deep brown.

Habitat note. The specimens of Cyrtodactylus derongo were
collected from crannies and hollows in trees in dense rain forest.

Natives state the species is completely arboreal. Two other spe-

cies of Cyrtodactylus, papuensis and mimikanus, are sympatric

with derongo, and were observed both on the forest floor and on
trees a few feet above the ground. A possible fourth species, also

arboreal, was observed in the same area but specimens are not

availal)le for identification.

Comparisons. Differs from other Indo-Australian species of

Cyrtodactylus in the rather uniformly dark ground color of dor-

sum marked by large white tubercles. The color pattern is remi-

niscent of that of Underwoodisaurus milU, but in the latter the

white patches in\'olve small surrounding scales, and the patches

may be fused into partial or complete transverse bands. Com-
pared to other New Guinean species, C. derongo is somewhat


